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I. Introductory and Historical 


The Cyatheaceae include nearly all tree-ferns, and are mostly 
tropical with a wide geological range. They may be classified into 
three tribes and seven genera as is shown in the following key." 

Cyatheaceae—Sori globose or oblong. Indusium present or absent. Recep- 
taculum mostly present. Sporangia numerous, sessile or stalked. Annulus com- 
plete, sometimes incomplete with a small stomium; oblique. Stem usually 
dendroid. 


A. Sori marginal. Indusium bivalvular. Annulus incomplete with a 


Exmallstomiun me RE 6 6 6 a 6 O68 0 6 oe 6 GD) ID Clopsiaay 
a. Fertile pinnae mostly unmodified. Last pinna not equilateral. 
Stem subterranean. :...:.... . «(19 Balantium (3 sp.) 
b. Fertile pinnae mostly unmodified. Last pinna equilateral. Stem 
GN. 2 ¢ Gc à se 6 o o o) Jio (QUI qo) 


c. Fertile pinnae modified. Stem dendroid. . (3) Cibotium (8 sp.) 
B. Sori marginal. Indusium spherical with terminal opening. Annulus 
lonolorenec 2 2s 5.5. * 5.55 « CI) THYRSOPUERIDEAE 
(4) Thyrsopteris (1 sp.) 


1) Modified and abbreviated from Diets in ENGLER & Prant’s Pflanzenfamilien, 
1902. The number of species of each genus is given in parentheses. According to 
CHRISTENSEN’S Index Filicum (1906), it is as follows: Balantium 3 sp., Dicksonia 17 sp., 
Cibotium 9 sp., Thyrsopteris 1 sp., Cyathea 182 sp., Hemitelia 59 sp., Alsophila 185 sp. 
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C. Sori dorsal or on forking of nerves. Indusium spherical to scaly, or 


wanting. Annulus mostly homologous. .... . (III) CYATHEEAE 
a. Indusium complete, spherical. . . . . .. (5) Cyathea (100 sp.) 
b. Indusium incomplete, scaly. . . . . . . (6) Hemitelia (40 sp.) 
c- Indusiumswalbn bo BB oe pe (7) Alsophila (125 sp.) 


The Dicksonieae include the larger and smaller tree-ferns with radial 
structure. The leaves are repeatedly pinnate with marginal sori. The 
Thyrsopterideae, represented by a single species (Thyrsopteris elegans), have 
compound pinnate leaves and the erect stem, about three to five feet in 
height, covered with the leaf-scars. The fertile pinnae terminate 
in sori with cup-like basal indusia. The Cyatheeae, typical den- 
droid ferns, include about 90% of all species of Cyatheaceae. A few 
are creeping forms, but most are tree-like. The erect columnar stem is 
covered closely with leaf-scars. Leaves may be simple'or singly pinnate, 
but usually are compound pinnate, and bear superficial sori. 


The anatomy of the Cyatheaceae has been investigated by several 
authors, whose results are briefly stated here in chronological order. 

Linx (1826) described the general structure of Brazilian tree-ferns. 
The stems are covered densely with remains of leaf-bases. In the stem 
there is a ring of wood enclosed by brown tissue consisting of prosen- 
chyma. This ring is not continuous, but separated into several segments. 

The work of von Mout (1833) (German translation, 1845) is one of 
the important works on the anatomy of tree-ferns, and describes the 
internal and external structure of some species of Alsophila and Cyathea. 
The foliar arrangement is spiral or in rings. The external protective 
sheath consists of two kinds of tissue, that is, the external parenchy- 
matous and the internal fibrous. Vascular bundles are in several separate 
segments of V-or W-shape. From both margins of each foliar gap 
numerous bundles are separated and arranged in a peculiar manner in the 
petiole ; also in the central part of the petiole there are a few bundles, 
which are the direct continuation of the small bundles distributed in 
the pith of the stem. 

Karsten (1849), in his treatise on the structure of palms, described 
the structure of some ferns. The stem of Alsophila pruinata has a ring 
of vascular bundles, the gaps in which do not overlap. From a gap, a 
horseshoe-shaped bundle is separated and enters the petiole. 

MrrrENIUS (1856), in his systematic work on ferns, described the 
structure of ferns, especially of the vascular bundles in the petioles. 
In the petiole of Dicksonia, Cibotiwm and Balantium, a single horseshoe- 
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shaped bundle with ineurved margins is present, while in Alsophila, 
Hemitelia and Cyathea, numerous separate bundles are arranged in two 
peculiar ares, except that Alsophila armata has three connected bands 
and Alsophila pruinata a horseshoe-shaped bundle. 

METTENIUS (1864) gave, in his work on the anatomy of Angiopteris 
and other ferns, à brief account of the anatomy of the Cyatheaceae. In 
the stem of Dicksonia and Cibotium, several curved vascular bundles are 
arranged in a ring, the margins of each bundle turning outwards. In 
Alsophila, Hemitelia and Cyathea, in the inside of such a vascular ring 
numerous small strands are found, except in some Alsophila (Al. 
pruinata, blechnoides) They anastomose into one another in the 
pith. Surrounding each bundle in the stem is the brown sclerenchy- 
matous sheath. The small bundles in the pith sometimes have such a 
sheath. In the petiole, numerous strands are arranged in two peculiar 
arcs. 

Russow (1872) described the structure of most families of ferns, but 
the Cyatheaceae were dealt with in but few words. The general structure 
of this family is like that of thé Polypodiaceae. In the cortex, gum-cells, 
gum-canals and tannin-canals are found. 

Scorr's work (1874) on the structure of tree-ferns from Sikkim in 
India (6 Alsophila, 1 HemAtelia, 1 Cyathea) is one of the most important 
works on the subject. The ring of vascular bundles in the stem is 
interrupted by several lacunae, from both margins of which numerous 
leaf-traces are separated. "The number of the lacunae is variable not only 
in the different species but also in the different levels of the stem in one 
and the same individual. Most of the species contain the medullary 
bundles, indefinite in number. "These bundles appear near a foliar gap, 
and develop upwards to the petiole and downwards to the pith, in which 
they end blindly. In the petiole, numerous vascular strands are 
arranged in a peculiar manner. Older leaves fall off at the basal part 
of the petioles, or the diaphragm. The smaller grooves at the base of 
petioles are filled with brown cells. Adventitious buds are often borne 
on the stem, in some cases extending all around it. 

De Bary (1877), in his “ Comparative Anatomy ", summarized the 
earlier works, especially those of MrETTENIUS, and added his own observa- 
tions. In the Cyatheaceae, the vascular bundles of the stem are 
arranged in a ring interrupted in several parts corresponding to the leaf- 
gaps. The number of the gaps is variable, and when they are numerous 
each bundle curves in a horseshoe-form. Each bundle is enclosed in a 
brown sclerenchymatous sheath. In most of the Alsophila and Cyathea 
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there are accessory internal strands in the pith. A few pairs of them 
enter each petiole upwards, while downwards they anastomose into one 
another and finally end blindly in the pith. In a few species (e. g. 
Cyathea Imrayana) there are also accessory cortical strands, the course 
of which is not well known. In the petiole, numerous vascular strands 
are arranged in a peculiar manner, in two curved series; also in the 
upper part are a few isolated bundles which are the direct continuation 
of the medullary bundles just mentioned. 

THoMAE (1886) dealt with the comparative anatomy of the petioles 
of ferns, especially of the vascular system. He also remarked briefly 
on the Cyatheaceae. He divides the vascular system of the fern- 
petioles into four types, that is, (1) Asplenian type, with one or two 
bundles arranged in an arc, (2) Aspidian type, with more than two 
bundles arranged also in an arc, the upper two being called ‘ superior 
strands’ and the others ‘inferior strands’, (3) Polypodian type, with numer- 
ous bundles arranged in a more complex manner, (4) Cyatheacean type, 
with numerous bundles arranged in two series, superior and inferior, 
each in a semilunar form, (5) Marattiacean type, with numerous bundles 
arranged in a polycyclic manner. Among the Cyatheaceae, in Alsophila, 
Cyathea and Hemitelia the separate bundles in each series are gradually 
fused upwards, until they form two bands which are combined finally to 
form a single strand at the very end of the rachis, while in Cibotiwm and 
Dicksonia the petiolar bundles are not separated but are fused in a 
U-shape. The branching of the vascular bundles to supply the pinna- 
axes arises from two lateral corners of each series of bundles, or from 
the lateral sides of the U-shaped bundles. In the base of the petioles of 
Marattiaceae and Cyatheaceae there are lenticel-like structures, filled 
loosely with separate cells. In the former family the phellogen is 
developed in this structure, while in the latter itis not formed. In the 
fundamental tissue there are numerous tannin-canals and gum-canals, 
the former being also included in the bundle itself. 

Porrautt (1893) undertook the anatomical investigation of the 
vegetative organs of ferns, and devoted a few words to the Cyatheaceae. 
He states that in the petiole there are large sieve-tubes, on the wall of 
which numerous crowded sieve-plates are present. In the leaves numer- 
ous crystaloids and crystals of calcium oxalate are found. 

Hannia (1898) described the structure, the development and the 
function of whitish or brownish fusiform tissues, found in the basal 
parts of the petioles of the Marattiaceae and Cyatheaceae. He classified 
these tissues according to their positions into two kinds (petiolar 
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and trunk), though there seems to be no pronounced difference in their 
structure. They are embedded in the fundamental tissue, and 
consist of loosely arranged parenchyma. They may have a function as 
lenticels, but differ in structure from those of Phanerogams. There is 
no cork-cambium in this tissue of the Cyatheaceae. These are formed 
under the stomata. On the external surface of the parenchymatous cells 
there are many minute rod-like processes. 

PARMENTIER (1899) investigated the anatomy of the petioles of 
ferns, and found that the result could be applied to some extent to the 
classification of ferns, especially with regard to the vascular system. 
Among the Cyatheaceae, the !pinna-axes (the petioles were not investi- 
gated) of Dicksonieae were found to have the single strand peculiarly 
curved, while those of Cyatheeae had three or four bands with a 
characteristic arrangement. The latter form may be derived from the 
former by horizontal as well as vertical division. 

GWyYNNE-VAauGHAN (1901) described briefly the stelar anatomy of 
some species of Dicksonia with the solenostelic construction. But, the 
species described do not belong to the true Dicksonia but to Dennstaedtia 
of the Polypodiaceae. 

Diets (1902), in his systematic work on the Cyatheaceae, described 
their vegetative organs and anatomical characters. The vascular system 
in Dicksonieae he found to be constructed on the same principle as the 
Polypodiaceae, but as they are larger in size, the vascular system consists 
of thick bands and is accompanied by brown sclerenchymatous bands. 
Cyatheeae are more complicated by the presence of accessory medullary 
and cortical strands which have never been found in other ferns. 

GwyNNE-VAUGHAN (1901-03) described the stelar anatomy of ferns, 
especially that of the Polypodiaceae having the solenostelic and 
related types. The medullary bundles found in many ferns are pro- 
duced by the internal projection of the solenostele. He makes some 
observations on the Cyatheaceae. Some species of Dicksonia with the 
solenostele are described, but they properly belong in Dennstaedtia. A 
Cyatheacean Dicksonia (D. Barometz) has a radial dictyostele, and from 
the gaps the foliar bundles are parted in an arc-form -or in numer- 
ous separated strands, which on entering the petiole are arranged in a 
peculiar manner. The stem of Cyathea is of a dictyostelic type with 
internal strands, a part of which fuses into the base of the leaf-traces, 
and the petiolar bundles are arranged also in a characteristic manner. 
He observed also the stele in the young plants of Alsophila excelsa. 
The basal part of this young stem is protostelic. Tracing it upwards, in 
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the center of the xylem a parenchymatous pith appears, and then the 
phloem and endodermis are developed, thus forming a solenostele, which 
soon becomes a dictyostele by the overlapping of leaf-gaps. At the same 
time, internal strands are produced by internal projection and separa- 
tion from the stele. In the phloem of the petiole in some species 
mucilage-ducts are found. : 

CHANDLER (1905) described the vascular anatomy of the young 
plants of a Dicksonia and some Polypodiaceae. In these plants, the 
basal part of the stem is  protostelic. Tracing it upwards, a 
mass of parenchyma is found in the center of the xylem. Then the 
phloem appears in the center of the latter, and further upwards the 
endodermis appears due to pocketing from the upper leaf-gap, resulting 
in the formation of a solenostele. A little further upwards, the latter 
is broken up into a dictyostelic form by the overlapping of the leaf-gaps. 

ScuUTZE (1906) investigated the physiological anatomy of some 
tropical tree-ferns and a few other ferns. As to the dermal system, he 
states that there is the subepidermal sheath, the outer part of which 
consists of parenchyma, and the inner of sclerenchyma. Neither layers 
is the result of the activity of cork-cambium. The main conducting 
system of the stem is a peripheral ring of vascular bundles, which is 
interrupted by several gaps. From the margins of these gaps numer- 
ous foliar traces are parted. In some species of Alsophila and Cyathea 
there are medullary and cortical bundles. Two or three pairs of the 
former penetrating the gap enter the petiole, where these strands are 
situated in the upper median portion. When traversing the gap they 
either touch or do not touch the stele. It is often found that some 
medullary bundles having no relation to the gap are united with the 
stelar surface. The medullary bundles themselves anastomose with each 
other in the pith. Cortical strands, which are few in number, are united 
to the outer part of the vascular ring near the gap. In Dicksonia and 
Cibotwwm neither kind of accessory strands is present. The physiolo- 
gical function of these strands may be to transport the assimilated 
material to the pith or the cortex for reservation, and their connection 
with the vascular ring may mean the retransporting of the reserved 
material to the ring. The wood consists of large tracheids, the proto- 
xylem (protohadrom) being situated in the marginal part of each 
segment of the stem-stele and in the inner central part of the petiolar 
bundle. The roots are of the normal diarch to tetrarch types. A 
medullary bundle is circular in a cross section, and the protoxylem is 
situated in its central part. In the stem and petiole, the phloem 
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completely encloses the xylem, and outside the sieve-tubes there are 
layers of ‘false sieve-tubes’, or tubular elements with pointed ends and 
pitted walls, containing some albuminous substances. The protophloem 
(protoleptom) is situated outside the sieve-tubes, and is enclosed by an 
endodermal layer, the tangential walls of which are not suberized, so 
that the communication between the bundle and the surrounding tissue 
is maintained. The mechanical system consists of a stereom-sheath 
surrounding each bundle. Outside the medullary strands, a similar 
sheath is present though it is not a thick one, but in some bundles 
these stereoms are lacking. In the petioles, surrounding each bundle 
and in contact with its endodormis, there is a fibrous sheath. In the 
roots, a thick mechanical tissue is present in the cortex. In the 
fundamental tissue of the leaf and the stem, excretory cells and tannin- 
canals are present, the former being found also in the phloem of the 
stem. 

ScHouTE (1906') described the case of the forking of the aerial 
stem in Hemitelia latebrosa and H. Junghuniana. He (1906?) also found 
a curious feature in the branching of the stem of Hemitelia crenulata. 

STEPHENSON (1907) described the structure of the sporelings in 
three species of Cyathea and one species of Dicksonia. They are con- 
structed after a similar type. The basal part of the stem is protostelic, 
while a little above, a central pith appears, and then a solenostele is 
formed. There are, however, some differences and irregularities. A 
medullary bundle is formed by the activity of the meristematic tissue in 
the pith. The petiolar bundle, parted from the basal part of the stem, 
is arc-shaped, and collateral in structure. 

Tansey (1907-08), in his well known lectures on the stelar system 
of ferns, described the evolutiun of the steles, and dealt cursorily with 
the Cyatheaceae. The simplest form in this family is found in Dicksonia 
Barometz, which shows a radial dictyostele. In Cyathea and Alsophila, 
in addition to such a stele there are internal strands in the pith, which 
pass down through the pith until they end blindly, while above they 
enter the petiole. It is uncertain whether these strands are a newly 
acquired character or a degenerate form of internal strands in the 
polycyclic stele. In some species, accessory cortical strands are present, 
the origin and character of which are also uncertain. The arrangement 
of the petiolar bundles is peculiar. In the branching of the pinnae 
from the rachis, the vascular bundles of the former part independently 
from both series of the bundles of the latter, but in this case, there 
is a short connective strand which connects them. 
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It is well known that, in the petiole of ferns, there is a cavity 
opposed to the protoxylem, which is filled with large parenchymatous 
cells. Mc Nroor (1908) showed that such structures are widely distrib- 
uted in the ferns, and in the Cyatheaceae they are also well developed, 
some of them showing a lignified reaction or netted thickenings of the 
walls. 

In his “ Land Flora", Bowrr (1908) recorded observations on the 
soral construction and anatomy of all families of ferns and mosses, and 
discussed the phylogenetic relations between them. On the Cyatheaceae 
he referred in ditail to earlier observations. Dicksonia Barometz and 
other species of Dicksonieae have stems with the solenostelic or dictyo- 
stelic structure, and the petioles with a single bundle. Among Cyatheeae, 
Alsophila pruinata and Al. blechnoides have the solenostelic stem and 
the petioles with a single bundle, but in most of this tribe the vascular 
system is of a dictyostelic type with accessory strands in the pith and in 
some cases also in the cortex. The leaf-traces, composed of numerous 
strands, are disposed in a horseshoe-form with accessory strands among 
them. In origin and nature, the medullary strands would be com- 
parable to the accessory rods seen in Dennstaedtia, while the cortical 
ones have no correlatives in other ferns. As to the structure of the 
young plant, BowER referred to the observations by GwyNNE-VAUGHAN. 

PELOURDE (1909) divided the ferns into four principal types, based 
on the different forms of the vascular system in the petioles, viz. (1) 
two bundles with hippocampus-shaped xylem and modifications, (2) 
numerous bundles arranged in an arc, (3) an arc-shaped bundle with 
the opening upwards, and (4) the same with the opening downwards. 
Though the petiolar bundles of the Cyatheaceae are not so simple 
they may be included in the first type. 

SCHLUMBERGER (1911) described the different characters of the 
reproductive and vegetative organs between the Cyatheaceae and Poly- 
podiaceae. The vascular system of the stem shows no absolute 
difference between them, while the mucilage-ducts are characteristicin the 
former family. These ducts develop by the fusion of mucilage-cells. 

SINNOT (1911) investigated the evolutionary tendency of the leaf- 
traces, and divided them, according to the structure of their primitive 
basal parts, into three main types, viz. (1) a single bundle with 
monarch protoxylem and modifications, (2) two bundles each with a 
single protoxylem and modifications, (3) a single strand of triangular 
shape with a protoxylem in each angle and modifications. The 
primitive type of the last form becomes a flattened arc as in Dicksonieae, 
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which are divided into numerous bundles in Cyatheeae. 

Bower (1912) described the anatomy and sporangial structure of 
Lophosoria pruinata ( Alsophila quadripinnata) and concluded that it might 
be an intermediate type between the true Cyatheaceae and Gleichenia- 
ceae. The stem of this plant is solenostelic, the leaf-gaps scarcely over- 
lapping. Inside the solenostele of the stem, a brown sclerenchymatous 
sheath is present. A leaf-trace parts from the solenostele as a curved 
band with lateral constriction, which continues to the rachis as it stands, 
while in some cases the parted trace is divided into three bands, which 
are soon united again into one band. An adventitious bud, sprung from 
the petiolar base, is also solenostelic. 

From the anatomy and soral structure, the same author (1913) 
discussed the phylogeny of Metaxyla rostrata (Alsophila blechnoides) 
and the related ferns. Metazyla has a solenostelic stem, and the 
sclerenchymatous sheath on the stele is not continuous. A leaf- 
trace is of a continuous peculiar arc-shape. On the basal part of the 
petiole an adventitious bud is formed which possesses also the soleno- 
stelic form. Dicksonia Barometz also bears an adventitious runner with 
a solenostele. On the basal part of the petiole of Hemitelia setosa, with 
a typical Cyatheacean stele, there is also an adventitious bud, of which 
the larger one has a dictyostele with internal strands similar to those of 
the stem, while the smaller one has a solenostele with a few strands in 
the pith. The adventitious runner of Cyathea mexicana has a soleno- 
stele. The stelar construction of Thyrsopteris elegans differs from other 
Cyatheacean plants in having the stem with a polycyclic stele. The 
outer ring is solenostelic, and the second is of the irregular dictyostele, 
one part of which proceeds outwards and closes the outer solenostelic 
gap formed by the parting of the leaf-trace. The third or innermost 
ring is composed of a few small strands arranged irregularly. A 
petiolar bundle is of an irregular arc-shape in the smaller petiole, while 
in the larger one it is divided into three bands arranged in a peculiar 
manner. 

Davie (1918) described the mode of branching of pinna-traces from 
the rachis-bundles in ferns. There are two main types ; in one of them, 
the branching occurs from the extreme ends of the rachis-strands 
(marginal type), while in the other it arises from the lateral sides of the 
vascular arc (extra-marginal type). The Cyatheaceae, except Balantium, 
present good examples of the second type. 

Bower (1921) pointed out the close correlation of the external 
features of plant bodies and their stelar system, the evidence of which 
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was based on his study of ferns. In the ontogenetic developmentjof 
ferns, the primitive protostele becomes a medullated form and then 
passes into a solenostele, which is transformed into a dictyostele. In 
some species of the Cyatheaceae he described and figured the stelar 
system of stems and petioles. 

Posruumus (1924) discussed the stelar structure of the Osmunda- 
ceae, Gleicheniaceae and other fossil ferns from the point of their 
phylogenetic relations, and referred to almost all of the earlier 
observations of various authors on the Polypodiaceae and Cyatheaceae. 

WinLrAMsS (1925) made the anatomical investigation of two species 
of Dicksonia (D. antarctica and squarrosa). The stelar system of the 
stem is a dictyostele provided with the sclerotic sheath. In the base 
of the petiole, separate vascular strands are arranged in a heart-shape, 
but in most part of the leaf, they are connected into a band. Mucilage- 
ducts which are distributed in the cortex and pith of D. squarrosa are 
built by the fusion of mucilage-cells, but in D. antarctica the cells are 
not communicated. Superficial appendages are only simple hairs and 
not scaly. He also discussed on the size-factor of the vascular 
system. 

Bower (1926) studied the structure of hairs, characteristic in every 
group of the ferns. Among the tree-ferns, the Dicksoniaceae (Dick- 
sonieae, Thyrsopterideae, Dennstaedtieae) and Proto-Cyatheaceae ( Meta- 
vyla, Lophosoria) have only filiform hairs, while the Cyatheaceae 
(Alsophila, HemAtelia, Cyathea) have also scaly hairs. 


From these earlier observations by various authors above given, we 
see that the cross sections of the stem are almost circular, and in the peri- 
pheral region of the stem is situated the main vascular system, and also 
that the sclerenchymatous sheath which encloses this vascular ring 
serves, together with the peripheral hypodermal layer, as the mechanical 
supporting tissue of the large trunk and heavy leaves. 

The vascular system of the stem is constructed in five principal and 
different types: viz. (1) the simplest type, i.e. the typical solenostele, 
leaf-gaps almost non-overlapping— Alsophila pruinata, Al. blechnoides ; (2) 
the dictyostelic type, the margins of each meristele turning outwards— 
Dicksonia, Crbotium, some species of Alsophila (Al. comosa, australis, 
Maccarthurit) ; (3) the dictyostelic type with medullary strands— Also- 
phiia, Cyathea, Hemitelia ; (4) the dictyostelic type with medullary and 
cortical strands—some species of Alsophila (Al. crinata, eriocarpa, 
aculeata, caracassana) and Cyathea (C. Imrayana, usambarensis); (b) the 
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polycyclic stele, one part of the inner circle enclosing a gap of the outer 
ring—Thyrsopteris. Thus, the typical form of the vascular system of 
the Cyatheaceae is dictyostelic, the meristelic margins of which curve 
outwards, each meristele being enclosed by a brown sclerenchymatous 
sheath. This type of structure is found in Dicksonieae, while the typical 
dendroid Cyatheeae, including about 90% of the whole species of the 
Cyatheaceae, are characterized by the presence of accessory bundles in 
the pith, and in some cases also in the cortex. Medullary strands 
anastomose into each other in the pith, but with regard to their 
terminations the statements of various authors do not agree. Above, 
they ascend through the pith, and (1) passing through the leaf-gap 
enter the petiole, and become some of the petiolar bundles, or (2) in the 
same course they undergo a partial attachment to the stelar margin, or 
(3) they fuse into the stele with no direct connection with the leaf-traces. 
Downwards, they descend through the pith until they either (1) end 
blindly in it, or (2) fuse into the main bundle. As to the course of the 
cortical strands, it may be assumed that they fuse upwards with leaf- 
traces and end blindly downwards in the cortex, though this point has 
not been decided by actual observations. It may be of interest to note 
here that Alsophila blechnoides and Al. pruinata, which have solenostelic 
stems, are classified by some authors in other genera, and that Thyrso- 
pteris elegans, which has a polycyclic stele, is considered to be a mono- 
typic genus. 

The number and arrangement of the vascular strands in the petiole 
varies according to its different levels. When the basal parts are 
compared, (1) the simplest type possess a single arc-shaped bundle with 
incurved margins and constricted sides—Alsophila  pruinata, Al. 
blechnoides ; (2) a similar arrangement divided on the lateral sides into 
three segments—Thyrsopteris, Dicksonia, Cibotiwm ; (8) numerous bundles 
arranged in a circular form with additional strands on the lateral and 
upper parts projecting inwards—Alsophila, Hemitelia, Cyathea. That is 
to say, in Dicksonieae and Thysopterideae three bands are arranged in 
an arc, which upwards are fused into a single continuous arc-shape, 
while in Cyatheeae numerous strands are arranged in a characteristic, 
more complicated manner, and upwards are fused gradually into simpler 
bands, but the superior and inferior series do not fuse, to each other, 
except at the very end of the rachis. 

The mode of branching of pinna-traces from the rachis-bundles is 
of the so-called extra-marginal type, that is, in Cyatheeae, in the rachis 
of which both series are distinctly separated, the pinna-traces are 
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separated from the corners of both series respectively, while in Dick- 
sonieae, in which the rachis-bundles are arranged in an arc-shape, the 
pinna-traces are separated from both sides of the lateral constriction and 
are arranged also in an are in the pinna. 

Anatomically speaking, the thin brown sheath of the stem surface 
consists of outer parenchymatous and inner sclerenchymatous layers. 
The meristele is constructed according to an amphicribral concentric 
type, enclosed in a distinct endodermal layer. The xylem consists 
of tracheids and parenchyma, the former being large and scalariform. 
The phloem consists of sieve-tubes and parenchyma, in the external 
part of which a distinct layer of crushed protophloem is found. Inside 
the protophloem are secretory cells. The fundamental tissue consists 
of parenchyma, in which numerous mucilage-canals and similar secre- 
tory cavities are embedded. The sclerenchymatous sheath surrounding 
each meristele consists of fibers. A detailed study of the structure of 
the medullary and cortical strands is lacking. 

In the petiole, under the epidermis there is a layer of fibrous tissue. 
The fundamental tissue is parenchymatous, and in it the petiolar bundles 
are embedded. Each bundle is of an are-shape with the xylem in the 
center. The protoxylem occupies the inner central part of the xylem- 
arc, and a cavity accompanied by tylosis is found in front of the proto- 
xylem. Surrounding the xylem there is a ring of the phloem in which 
mucilage-canals and fibers are often included. Outside the vascular 
bundle there is an endodermal layer accompanied by a fibrous sheath 
outwards. The general structure of band-formed bundles is not 
essentially different from the separate ones above referred. 

In the broad cortex of the root a great amount of mechanical tissue 
is developed, and in its stele a normal diarch to tetrarch radial bundle is 
found. 

The stem often bears several adventitious buds, on account of which, 
in some cases, the apparent bifurcated or trifurcated types may be seen. 
They are also found in the external side of petiolar bases. 

Concerning the ontogeny, the root in the sporeling has a diarch stele 
which is continuous to the protostele of the stem. Tracing the latter 
upwards, in the center of the xylem there appears a parenchymatous 
pith and then the phloem, and a typical solenostele is formed by the 
pocketing of the endodermis. A dictyostele results from the soleno- 
stele by the overlapping of leaf-gaps. The medullary bundles begin to 
appear at some distance from the basal part of the stem by internal 
thickening of the main bundles or by independent formation in the pith. 
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From the historieal sketch above given we see that there are some 
discordant points in the results of the observations. For example, on 
the origin of the medullary bundle, one author insists that it appears in 
the pith independently, while another maintains that it is formed by the 
internal projection of the stelar ring. Also, on its upper termination 
there are differences of opinion. Thus, we see that our knowledge 
of the structure of the Cyatheaceae is neither complete nor certain, 
probably because of the difficulty of procuring the material, as they 
inhabit tropical regions, and are also too large to be transported as 
fresh or alcohol material. 


For several years past, the writer has been working on the anatomy 
of ferns, and lately commenced a comparative anatomy of the Cyathea- 
ceae, the results of which will be published in this paper. The 
material has been collected in various parts of Japan. The research has 
been carried on in the Botanical Institute, Faculty of Science, Imperial 
University of Tokyo. 
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II. Cyathea spinulosa, Wall.* 


Cyathea spinulosa is one of the tree-ferns distributed widely in 
Japan, Southern China, Malacca and North India. In Japan, it is 
found in the Bonins, Loochoo and Formosa, but it occurs also in 
Hachijó, a small island situated in latitude 33° 5/ N. and longitude 139° 
50’ E., or 170 knots south of Tokyo, which is perhaps the northern limit 
of the habitat of tree-ferns. "The materials examined were collected on this 
island in April, 1924. 


I. THE ADULE ELANT 


The stem of Cyathea spinulosa is erect and covered by the remains 
of petiolar bases. Petiolar bases are very rigid and remain for a long 
time after the fall of the leaves, covering the stem surface almost 
permanently. Adventitious roots are given off abundantly all around 
the stem, and together with the petiolar bases serve as the protective 
sheath of the stem. The petiole is pretty long, and the compound 
lamina expands broadly. The leaves, however, are limited to the upper 
part of the stem. The older leaves fall off leaving their hard bases, 
thus giving the fern the general aspect of a palm or cycad. The roots 
on the basal part of the stem lengthen and branch out repeatedly, 
densely covering the stem and petiolar bases. These roots are much 
entangled, and it is almost impossible to trace any one of them, but some 
of them reach the ground and may serve as absorptive organs, while 
others may serve as absorptive though they do not reach the ground, as is 
the case with epiphytic plants. As a matter of fact, the root-mass at the 
stem base is used as a stand in the culture of orchids and other 
epiphytes, for which it is well-suited. The roots borne on the upper part 
of the stem are always too short to reach the ground, and most of them 
are dry, so that, they may be of no use as absorptive organs. 

The height of the stem varies according to age and habitat. There 
is no exact record of the maximum height. On Hachij6 the writer 
found a plant that was more than 6 meters in height, while in the Bonin 
Islands they grow even to a height of 10 meters. The leaves on the 


* The contents of the Part II appeared in {apane in the Botanical Magazine, 
Tokyo, Vol. 39, pp. 1-28, Jan. 1925. 
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upper stem are stouter and larger than, those on the lower, sometimes 
reaching more than 3. meters in length. The thickness of the stem 
itself cannot be measured exactly without removing the coverings of the 
leaf-bases. In one collected by the writer, it was about 15 em. in 
diameter. 

The stem is usually erect growing straight or slightly inclining, but 
in rare cases, its basal part may creep along the ground. The stem bears 
no branches. l 

The phyllotaxy or the mutual arrangement of the leaves of this 
plant is not constant, it differs according to age or height of the stem, 
and a gradual change in the phyllotaxy may be observed in one and the 
same plant. Such a change in the phyllotaxy is found, as a rule, in 
tree-ferns. Scorr (1874) recorded a number of such examples. The 
writer's own observations show that the phyllotaxy of the lower part is 2, 
and that of the upper part 2, while in the intermediate region transitional 
forms are observed. <A phyllotaxy higher than 3 may also occur. 


A. Cross SECTION OF THE STEM 


Before describing the minute structure of the stem, it will be con- 
venient to begin with the general structure in cross section, which shows 
& typical Cyatheacean form. It is almost circular in shape with a 
diameter of 7 cm. in one of the specimens measured. Where the petiole 
is attached, the periphery of the stem bulges out a little; consequently, 
its outline becomes irregular (Fig. 1). 

The peripheral part is made up of brown tissue about 1-3 mm. 
thick, which serves as a protective sheath. The fundamental tissue 
consists of whitish parenchyma, on the peripheral region of which is a 
stelar ring (Fig. 1, st), protected on both sides by hard brown sclerenchy- 
matous bands (Fig. 1, sc) In the central pith, there are numerous 
medullary bundles scattered uniformly (Fig. 1, md) Detailed accounts 
of each part will be given in the following. 


a. The Stele 


The stele forms a discontinuous ring interrupted in several places 
which correspond to the leaf-gaps (Fig. 1, st). These gaps are usually five 
in number, though four or six gaps are occasionally found. These gaps 
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are not at equal distances from one another, which is due to the fact that 
the arrangement of the leaves is not 3, but $ in a right-handed direction. 
The margin of each meristele curves outwards, and consequently, the 
shape of a meristele is neither a straight line nor a simple arc. The 
smaller meristele is almost of a V-shape, while the larger one is likea 


Fig. 1. Transverse section of the stem. (nat. size) 
A-H, position of leaf-gaps 
st, stele 
SC, sclerenchymatous sheath 
md, medullary bundle 
lt, leaf-trace 
rt, root-trace 
le, lenticel 


flattened U, the main part being straight and both margins curved out- 
wards, or the main part bulges out a little making a wavy or W-shape 
(Fig. 1). In the latter case, the middle convex part of the W corre- 
sponds to the part where the gap at the upper level begins to open or 
where the gap at the lower level has just been closed (Fig. 1, F-H), that 
is, it corresponds to the top or bottom of aleaf-gap. From the position 
of these bulging places and the true gaps (Fig. 1, A-H), it is easy to 
determine the phyllotaxy being 3, as has been stated. The thickness of 


individual meristeles is almost uniform, and decreases slightly toward 
the margin. 
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b. The Sclerenchymatous Sheath 


The sclerenchymatous sheath consists of brown sclerenchymatous 
fibers and encloses each meristele, from which it is separated by a 
parenchymatous layer (Fig. 1, sc). The sheath encloses each several 
meristele forming a complete ring, but on the marginal regions numer- 
ous interruptions or pores are seen, which are the spaces where leaf- 
traces and root-traces penetrate. These interruptions are very numerous, 
as the leaf- and root-traces are abundant. No pores of the sheath other 
than formed by these traces have been found. 


e. The Leaf-Trace 


Leaf-traces, which are numerous in numbers, part mostly in pairs 
from both margins of the leaf-gap (Fig. 1, lt). In a transverse section of 
the stem, only a few pairs of them are seen in each gap, though there 
are, on the whole, more than ten pairs to each gap. This is due to the 
fact that, the traces once parted from the meristele ascend upwards and 
outwards through the outer cortex, and the traces which have separated 
off before (that is, from a lower level) leave the stem surface before the 
next traces (that is, those of the upper level) part from the meristele 
(Rio 1X 

Leaf-traces are accompanied on their inner and outer sides by small 
brown sclerenchymatous bands, which are a continuation of the same 
tissue found on the meristele. 


d. The Root-Trace 


The roots, which are always adventitious, cover all sides of the stem, 
apparently with no system in their arrangement, but, if carefully 
examined, they are found to part from the stem in connection with 
leaves, that is, the root-traces part from both margins of leafgaps or 
from the basal parts of leaf-traces (Fig. 1, rt). They are very numerous 
in each gap, and when they part from the meristele, they penetrate the 
sclerenchymatous sheath making there small pores, and then they 
traverse the cortex downwards, and leave the stem surface. The writer 
has never met with a case of traces parting from the main body of the 
meristele, that is to say, there are no traces that are not connected with 
leaf-gaps. 
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e. The Medullary Bundle 


One of the characteristic features of the Cyatheacean stem is the 
presence of the medullary bundles. In the present species, there are 
numerous medullary bundles scattered in the pith (Fig. 1, md), fourty 
or fifty of them being found in a transverse section of the stem. The 
presence of the small ones is liable to be overlooked, while the larger 
ones are very distinct, as they are accompanied by the brown scleren- 
chymatous masses. The position of these masses in each bundle is not 
constant. In general, the larger bundles are accompanied by the larger 
masses of sclerenchyma, and in some of the smaller bundles they may 
be lacking. Their number is also indefinite, but usually one to four 
segments are arranged in an interrupted ring. 

Sometimes, two bundles fuse into each other in an elliptical form in 
a cross section, or one bundle bifurcates in the pith, thus showing the 
fusion and branching of medullary bundles. 

Though the medullary bundles are not distributed in a regular 
manner, they have a tendency to be more numerous in the periphery of 
the pith. At the margins of the meristele, they traverse its sclerenchy- 
matous sheath, and acrossing the parenchymatous layer unite with the 
meristele. ‘The sclerenchymatous masses on the medullary bundles also 
fuse into the same tissue of the meristele. The medullary bundles 
which are about to fuse with the meristele are always in pairs. We 
have never met with a case in which they unite with the middle part of 
a meristele. 

Cortical bundles which are found in some species of the Cyatheaceae 
are not found in this plant. 


B. SoLID Construction OF THE STEM 


For the complete understanding of the size and mutual relation of 
the leaf-traces and root-traces, the course of the medullary bundles, etc., 
alarge number of sections must be compared. As, however, the stem of 
this plant is massive and is accompanied by hard sclerenchymatous 
sheaths, it is difficult to get successive transverse sections of the entire 
stem. The writer made a large number of partial sections of the stem, by 
the combination of which the solid construction of the stem, especially 
of the stele, has been studied. Thus, he got a stelar construction of a 
stem with a diameter of 7 cm. (Fig. 2). Its structure will be described 


below. In the following description, the tracing of the tissae was done 
from below upwards. 
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a. The Stele 


The stelar system, of this trunk has the form of a tubular cylinder 
with long leafgaps in its 
wall (Fig. 2). The marginal 
portion of each gap curves 
outwards. The gap of the 
eylinder has a very long 
fusiform shape, 10-15 cm. 
in length and 1.0-1.5 em. in 
breadth. The maximum 
breadth of the gap is not at 
the middle part of a gap, 
but lies much nearer the 
top. Moreover, the margin 
turns outwards, but the 
outline of the margin is not 


A 


A 


; 

7 

4 i | the upper part of the gap, 
Y | 


simple-fusiform, as it has : 
constriction on each side on 


where the gap attains its 
maximum. breadth (see also 
Fig. 5). 

From both margins of 


j i i a gap numerous leaf-traces 
Fig. 2. Reconstruction of the stelar system c 
x part successively. Mutual 


of the stem. (nat. size) 
gaps overlap one another, 


and by their position it is easy to determine the phyllotaxy, which is 
right-handed 3. Thus, the stele is considered to be of a dictyostelic 
typo. 

b. The Sclerenchymatous Sheath 


As the sclerenchymatous sheath is an envelop closely accompanying 
with the stelar system, its position and shape coincide almost exactly with 
the outline of the stele. Where there is a stelar gap, there is also a gap 
on the sheath. Tracing upwards from the level where a gap is about to 
open, the inner and outer bands of the sheath approach, and unite with 
one another forming an X-shape in cross section, the right and left 
halves of which soon separate at the middle part, and then enclose both 
margins of the meristeles (see Fig. 4, 1-3). When a gap is about to close, 
this process is nearly reversed (Fig. 4, 18-21). 


162 


r S j pd 

Fig. 3. A part of the sclerenchy- 
matous sheath of the stem on cutting 
off the outer cortex to show the 
arrangement of leaf-traces and root- 
traces penetrating the sheath. Root- 
traces are shown as dark holes at the 
basal part of the leaf-traces. 


(nat. size) 


The sclerenchymatous sheath 
is interrupted at the margin of the 
gap by small perforations, through 
which leaf- and root-traces pene- 
trate (Fig. 3). 


e. The Leaf-Trace 


Previous to describe the solid 
construction of the leaf-traces, the 
arrangement of foliar bundles in 
the petiole must be explained. In 
the basal part of the petiole, 40-50 
bundles are arranged in a peculiar 
form (Fig. 7, A). Most of them 
are disposed in an elliptical form, 
parallel to the surface of the petiole, 
but in addition to these there are 
series of several bundles on the 
lateral and upper parts projecting 
inward from the elliptical ring. In 
the lateral series, they are arranged 
in two rows, the lower of which 
consists of two or three bundles, 
while the upper of five or more 
bundles which project beyond the 
lower. The projecting bundles at 
the upper part, two to four in 
number, are in a group. The upper 
row of the laterally projecting 
bundles and those of the upper half 
of the elliptical ring, including the 
upper projecting group, may be 
'alled the “ superior strands ", and 
the lower row of the laterally 
projecting bundles and the bundles 
of the lower half of the elliptical 
ring may be called the * inferior 
strands”. The division of these 
two groups of strands was proposed 
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Fig. 4. Successive cross sections through a leaf-gap to 
show the mode of branching of leaf-traces and root-traces and 
the course of the medullary bundles. (nat. size) 


Explanations in text. 

for the first time by THomar (1886, Oberstrange und Unterstringe). 

The leaf-traces belonging to a petiole separate off from both margins 
of a leaf-gap at different levels successively, usually in pairs (Fig. 4 & 5). 
The first pair, the lowest, parts not from the very base of the gap, but 
from about 3-4 em. above the latter. The gap is narrow at the basal 
part, and becomes gradually wider upwards, and at the level where the 
second pair separates off, 2-3 cm. above the first, the breadth of the gap 
is about 2-4 cm. (Fig. 5). The third pair parts 1.5-2.0 cm. above the 
second ; the fourth lies 1.0-1.5 cm. above the third, and so on. Thus, 
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the interval between two successive partings decreases 
gradually upwards (Fig. 5) Several pairs of the 
leaf-traces thus parted enter the petiole, in which they 
are arranged in an arc in the lower or external part. 

The stelar margins at a leafgap curve outwards, 
the tendency of which is not distinct at the base (Fig. 
4, 3-6), but gradually becomes more marked upwards 
(Fig. 4, 7-9), until the margin of the meristele turns out 
almost 1805; consequently, the parted traces are situated 
at the outside of the margin, and at the same time at its 
lateral side (Fig. 4, 10-13). The last pair (7-9 th. pair) 
thus parted from the margin corresponds to the bundle 
at the uppermost corner of the inferior petiolar strands. 
Then, the stelar margin of the gap begins to 
recover its turning. Just at this point, one or two pairs 
of traces are separated almost simultanously, which 
correspond to the laterally projecting bundles of the 
inferior series (Fig. 4, 11-14). In this way, the gap- 
margins become narrow, corresponding to the con- 
striction mentioned above. 

Soon, the stelar margin at the gap begins to curve 
outwards again, and in its course, several traces are 
parted in the same way as before (Fig. 4, 15-18). The 
bundles thus detached correspond to the laterally 
projecting ones of the superior series. The last pair 
parted from the extreme curved margins corresponds to 
the petiolar bundles at the corners of the superior 
series. Next, the gap becomes narrower, but the margin 
retains its turning tendency, and from the margin 
successive traces, usually close to one another, separate 
off, and at last the remaining curved part on each side 
is separated, in a band-form, from the meristele, the 
band soon being divided intó three or four small 
bundles (Fig. 4, 18-19). These bundles are those of the 
upper arc of the superior series. The last pair thus 
divided is situated in the middle of the upper are, and 
the two strands from both sides of the gap approach, 
and are arranged in a continuous upper are. The leaf- 


Fig. 5. Recon- 
struction of a leaf- 
gap to show the 
mode of branching 
of leaf- and root- 
traces and the 
course of the medul- 
lary bundles. 
External view. 

(nat. size) 


gap then becomes very narrow, and at a short distance above the parting 


of the last pair, itis completely closed (Fig. 4, 20-21). 
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Two or three leaf-traces often part from the meristele’ as à common 
strand, which is divided in its course through the cortex or in the petiole. 
Such is often the case with the parting of the Superior strands, and 
always the case with that of the last pair. 


d. The Medullary Bundle 


It is very difficult to trace the course of every medullary bundle. 
The entire course of a medullary bundle is so long that it cannot be 
traced, but it seems to be more than 30 em. reckoning from the case of 
the young material. An account of the complete course, therefore, will 
be given in the case of the young material. 

Though the medullary bundles are not arranged regularly, two or 
three pairs near the gap are arranged in two radial rows, and are some- 
what larger than the others. If we trace them from the base upwards 
(Fig. 4), these pairs gradually approach the opening of the gap, and 
penetrating the sclerenchymatous sheath unite with the bulging parts of 
the curved meristelic margins (Fig. 4, 9-11). The parts of the meristele, 
with which the medullary bundles unite, soon part from the meristele, 
and become the leaf-traces. The union of the medullary bundles 
takes place in a definite manner. When the margin of the meristele 
recovers its outward curving and the last pair of the inferior series is about 
to separate, the first pair of the medullary strands unites with the inner 
surface of the meristele (Fig. 4, 10-11), and forms a protuberance for a 
short distance. Meanwhile, the anterior margin of the meristele beyond 
the point of the protuberance begins to part off, and becomes the last 
inferior strand (Fig. 4, 11-13) Thus, the point of union of the 
medullary bundle and the stele becomes the margin of the remaining 
meristele (Fig. 4, 11-12) Then, this marginal part including the 
protuberance is separated off, and becomes the first bundle of the 
superior series (Fig. 4, 18). In a word, the first pair of the medullary 
bundles unites with the first pair of the petiolar traces belonging to the 
superior series, which projects deeply into the lateral part of the petiolar 
bundles. 

The union of the second pair of the medullary bundles to the meri- 
stele takes place precisely in the same way, and the bundle thus united 
becomes a leaf-trace belonging to one of the superior series (Fig.4, 11-14). 
In a gap, three or four pairs of medullary bundles unite with the stele 
successively. In the case of four, the third pair does the same to the 
second. ‘The last pair combines with the last pair of leaf-traces. In this 
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case, the mode of union differs somewhat from that of the preceding 
pairs. When the gap becomes narrower, successive leaf-traces belong- 
ing to the upper arc of the superior series separate off, though the margin 
retains its tendency to curve outwards. The last pair of medullary 
bundles approaches the narrowed gap, and unites with the inner bulging 
surface of the curved part at the opening of the gap, the result of which 
is to give the margin of the stele a forked appearance (Fig. 4, 15-18). 
Now, this forked end parts from the meristele, as a whole, in a short 
plate-form. The latter is then divided into three or four, and becomes 
the leaf-traces situated in the median part of the upper arc of the superior 
strands (Fig. 4, 18-20). The innermost of these divided strands, that 
is the last trace, is derived from the part of union of the medullary 
bundle and the stele. Thus, the last pair of the medullary bundles 
may be said to unite with the last pair of leaf-traces of the superior 
series at the upper median part. 

When the last pair of the medullary bundles approaches the meri- 
stele and is about to unite with it, the bundle bifureates (Fig. 4, 16). It 
is the inner branch of the two which joins the meristele in the way just 
mentioned. The outer branch separates from the inner, and soon leaves 
the stem (Fig. 4, 16-18). This is a pair of leaf-traces projecting from 
the upper are, that is, of the upper projecting bundles. These traces, 
therefore, are the peculiar ones in direct continuation of the medullary 
bundles, and with no direct connection with the meristele itself. There 
are from two to four such traces. In the case of two, they are derived 
in the way just stated, while when they are more than two, the upper 
two are formed in a similar way, and the others are derived from 
the branches of other medullary bundles in the same way as the 
ones above. 

Therefore, the medullary bundles related to a leaf-gap unite with 
the bases of the leaf-traces belonging to the superior series, that is, the 
first pair of the medullary bundles to the first pair of the traces, the 
last to the last, and the intermediate ones, if present, to some of the 
superior series, while the branches of some bundles go on directly to 
the upper projecting strands. Medullary bundles which unite with 
the meristele other than the leaf-traces or any other parts are not found 
in this plant. 

Thus, we have seen the fate of the upper ends of the medullary 
bundles. Now,if we trace them downwards, three or four pairs belong- 
ing to a leaf-gap unite with each other and become a single pair, which 
descends through the pith vertically for a long distance, and finally 
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ends blindly in no connection with the stele... The. total length of a 
medullary bundle is very long, and as stated.before, cannot be traced 
completely. Moreover, the medullary bundles do not always pursue à 
straight course, but fuse or branch repeatedly, forming an anastomosing 
network, which makes the tracing of the bundles more difficult. There- 
fore, the course of the medullary bundles in the adult plant is only to be in- 
ferred from the case of the young plant, which will be fully described below. 


C. STRUCTURE OF THE LEAF 


The leaves are tripinnate and borne on the top of the stem. When 
they die off, they leave the brown basal parts of the petioles, which 
permanently cover the stem surface, and serve, together with the root- 
system, as the protective sheath. The leaves are very large reaching 
more 'than 3 meters in length. The proportion of the petiole to the 
lamina varies considerably, that is, in one case the petiole occupies half 
of the leaf, while in another case it is short occupying only one-fifth. 
The largest pinna is not the basal one, but is situated some distance 
above it. In the petiole as well as in the rachis, a thick superficial 
mechanical layer persists for many years, while the inner soft tissue 
decays and is left out. The petiolar bundles also persist for a long time. 
On the surface of the petiole and rachis, especially on the lower side, 
there are many hard brown spines, from which the specific name 
“ spinulosa " is derived. Along the lateral sides of the petiole and rachis, 
lenticels are arranged in a straight line, separated at some distance from 
one another. Spines and lenticels on the basal part of the petiole are 
larger than those on the rachis. The young coiled leaves are closely . 
covered with brown hairs and scales, while the expanded foliage is 
almost destitute of them. 

as The Petiole 

The structure of the petiole, especially that of the vascular system, 
varies in its different parts, and it may be convenient to begin with the 
deseription of a transverse section at the basal part. 

The transverse section of the basal part of a petiole shows a semi- 
circular outline, the upper side being flat (Fig. 7, A). The size of the 
petiole differs considerably according to the size of the leaf. ‘The larger 
one reaches about 3 em. in lateral diameter. On the surface there are 
many spines, and on each lateral side there is a small groove correspond- 
ing to a lenticel. The surface is protected by a mechanical tissue, in 
which white fundamental tissue is enclosed. Embedded in the latter 
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many small vascular strands are arranged in a peculiar manner as before 
described. 

Each of the petiolar bundles presents a small V-shape, those belong- 
ing to the inferior series being somewhat larger and more separated from 
one another than those of the superior series. Each bundle points a 
definite direction, that is, the opening of every V faces the center of 
each of the two curves formed by connecting the bundles of the superior 
and inferior series respectively, so that, the bundles of the lower are of 
the inferior series open upwards, while those of the upper are (laterally 
projecting bundles) of the same series open downwards. Occasionally, 
two neighbouring bundles approach or unite. The definite arrangement 
and orientation of these bundles is an important feature in the anatomy 
of the petiole, and has a direct relation to the curving of the margins of 
the meristeles. 

In a transverse section of the stem, on the inner side of the meristele 
at a short distance from the margin, there is a small groove in the xylem, 
and at a short distance from this groove toward the center of the meri- 
stele, the marginal part is cut off, the detached portion becoming a leaf- 
trace. The xylem of the leaf-trace thus parted off is bent in a V-shape, 
the opening of which corresponds to the small groove just described. 
The other tissue of the leaf-trace follows the shape of the xylem, so that 
the leaf-trace itself is of a V-shape. As the groove of the meristele occurs 
always on the inner side of the latter, the opening of the V must face 
the inner side of the stem, or the upper side of the petiole. But, as the 
margin of the meristele turns outwards in definite places, the openings of 
the traces parted from such places must face the external side of the 
stem, or the lower side of the petiole. This accounts for the occurrence 
of the inversely oriented leaf-traces. From the intermediate regions, the 
traces with intermediate orientations are separated off, so that a circular 
series with a definite orientation is formed. As the curving process of 
the meristelic margins occurs twice, leaf-traces are arranged in two series 
of rings. 

The outline of a petiole in the basal part is semicircular with a 
flattened upper side, but in tracing it toward the tip, it becomes circular 
and smaller in size. The upper surface of the petiole is green in colour, 
while the lower surface is dark brown. Spines which are prominent in 
the lower basal part reach 4 mm. in length. Lenticels which are 
arranged on both sides of the petiole are of a long spindle-shape and of 
variable size, but in general, those of the basal part are larger being 8- 
10 mm. in length, and 1-2 mm. in breadth: Lenticels in the basal part 
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of the petiole become hollow on losing their contents (Fig. 6). 

The basal part of the petiole is almost parallel to the stem. There- 
fore, the surface of its attachment makes an elongated ellipse with the 
diet. l is . vertical axis measuring even 15 em. and 
, ER the transverse axis only 1.5 cm. (see also 
Fig. 3. The transition of the petiolar 
base into the stem surface is so gradual 
that the line of demarcation is not clear. 
In the basal part, lenticels are dislocated 
toward the outer side, and in the trans- 
itional region they are situated side by 
side on the median line of the outer 
surface of the petiolar base, and finally 
they entirely disappear (Fig. 6) In the 
basal part, a few scaly hairs are left, 
while most of them fall off. These 
scales are borne on small processes on 
the surface of the petiole. 

The petiolar bundles in the basal part 
are rather numerous; there being about 
fifteen in an adult form. These bundles 
are separated and are arranged in two 
series as before mentioned (Fig. 7, A). It 

‘Fig. 6. Stem Nnelaco tabo E is often noticed that two neighbouring 
the basal parts of three petioles,  pundlesareina state of fusion. Tracing 
roots and lenticels. (nat. size) j is 

the petiole upwards, each of the V- 
shaped opening of bundles becomes wider, and neighbouring bundles 
approach each other. Further upwards, this tendency becomes marked, 
and at the upper part of the petiole, two or more neighbouring bundles 
are united, though separate ones are also present. The fused bundles 
maintain their original form and orientation, so that, when two are fused 
they form a W, and in the case of more than two, a continuous wavy 
form is established. The union of bundles takes place between those 
belonging to each of the two series, but not between those of different 
series. Meanwhile, the arrangement of the bundles undergoes a gradual 
change. The upper arc breaks at its median part, and opens to right 
and left; its incurved margins unite with the upper projecting bundles, 
forming the half-coiled margins in the median line. At the same time, 
the laterally projecting bundles, or the lower arms of the superior series, 
project more toward the center of the petiole (Fig. 7, B). 
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b. The Rachis 


The rachis is a continuous part of the petiole, and on both sides of 
it the pinnae are borne in regular order. The outline of the basal part 
of a rachis in cross section is almost circular, but proceeding upwards, 
it changes gradually, and in the middle part it becomes a rounded 
rectangular form (Fig. 7, C), and finally, near the end it is elliptical 
(Fig. 7, D). The mechanical tissue on the surface of the petiole con- 
tinues up to the end of the rachis. Lenticels on the lateral sides and 
spines on the surface are also present up to the end, though they become 
smaller. Brown hairs, which are abundant in the young stage,especially 
on the superior surface, fall off leaving only a small number. 

In the rachis, the gradual change of form and arrangement of the 
vaseular bundles, which has been observed in the 
petiole, proceeds further. The union of the 
separate bundles, the tendency to which becomes 
evident on the upper part of the petiole, is here 
more prominent, and the neighbouring bundles 
are assembled into four groups ; two superior and B 
two inferior (Fig. 7, C). The place of fusion of 
the bundles to form wavy groups is not constant; 
in one case it occurs near the end of the petiole, C 
while in another it is in the middle part of the 
rachis. Two superior bands, with a )7-shape, 
are situated side by side. 'The longer arms of 
both bands, which are the continuation of the "&) 
laterally projecting bundles, approach each other 
towards the center, and the shorter arms, which ,, Fig. 7. Transverse sec- 

: $ ‘ : tions of four parts of a leaf- 
are the continuation of the upper projecting axis to show the arrange- 
bundles, curve inwards, but are separated by P'entot vascular bundles. 


(nat. size) 
some fundamental tissue. Two inferior bundles, A, Base of the petiole 


each of a auricle-shape, are derived from the e Mide atte rachis 
petiolar bundles of the inferior series by the P» ToP of the rachis 
separation of the middle part of the lower arc. Each of these four 
bands is à continuous wavy one derived from the fusion of the original 
V-shaped bundles. The number of waves in each band does not agree 
with that of the corresponding bundles in the petiole, being always less, 
the reason for which lies in the reduction of the waves by the complete 
fusion of the neighbouring bundles. This process of reduction of the 
waves occurs from the base of the rachis up to the end, where the bands 
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with few waves are formed. 

Meanwhile, the form of the bands undergoes a change. In the 
first place, the longer arms of the superior bands approach, and finally 
fuse into one another, thus forming a large V-shaped band with incuved 
margins. This happens in the distal half of the rachis. In this state, 
the V-shaped superior band has seven to nine waves, while the inferior 
ones show only two or three waves respectively (Fig. 7, C-D). 

Proceeding further upwards, the lower arms of two lower bands also 
approach each other, and fuse in the median part forming a flat V-shaped 
arc. In this way, the superior and inferior series of the petiolar bundles 
are united respectively in two V-shaped arcs (Fig. 7, D). Still further 
upwards, each arc flattens more and more, and at the very end of the 
rachis, the two are united and form a single bundle. 

Thus, the union of the petiolar bundles takes place in the superior 
and inferior series respectively, quite independent of one another, up to 
the very end of the rachis. The classification of the petiolar bundles 
into two series, which was proposed by ''HowAE, seems to be justified. 


ce. The Pinna 


The base of the pinna-axis, which is borne on both sides of the 
rachis, varies in size according to the level of the attachment. The base 
of the pinna-axis attached to the basal part of a rachis has a circular 
outline with a diameter of about 5mm., and diminishes in size toward 
the end of the rachis. With the change in size, the internal structure 
of the pinna varies, but its principal structure is like that of the rachis. 
For instance, the basal part of a pinna-axis attached to the basal part of 
the rachis has a structure similar to that of the upper part of the rachis, 
that is, surrounded by the hard mechanical layer there are three or four 
wavy vascular bands. When there are four, two superior and two inferior 
bands are arranged just in the upper part of the rachis, and when 
there are three, one superior and two inferior bands are arranged in the 
same way as in the rachis. Tracing this pinna-axis upwards, the change 
of structure which occurs in the bundles is also the same as that of the 
rachis, that is, four bands become three and then two, until at last, 
a single bundle is formed at the very end. A pinna-axis witha diameter 
of 2mm., branching from the middle part of the rachis, has three bands, 
and that with a diameter of 1 mm., from the upper part of the rachis, 
has two bands. The mode of fusion of the bundles is similar to that 
in the rachis though simpler than in the latter. 
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The mode of branching of the pinna-traces from the rachis-bundles 
is so characteristic that it may be worth while to describe it here. In 
essential points, it is almost the same, though it varies a little in detail. 
When we follow the pinna-traces upwards from the region where it 
is attached — for the sake of convenience the case of branching to the 
left side is described (Fig. S)— the outline of the rachis bulges out 
slightly to the left, and the rachis-bundles also bulge out in the same 
direction (Fig. 8, 1-2). The part where this bulging occurs is somewhat 
above the middle of the lateral sides, corresponding to the corners of the 
ares of the superior and inferior bundles. It is at these two corners that 
this bulging occurs. As the bulging of the rachis proceeds further, the 
elongation of the bundles becomes more prominent, until at last both 
ares will be constricted at some distance from the corners (Fig. 8, 3-4), 
and two small strands are separated, each in a ring-form, from the con- 
stricted parts (Fig. 8, 4-5). The 


main bundles soon recover their 4 
peculiar forms. Meanwhile, these 
two separated bundles, the pinna- 5 


traces, undergo a slight change. In 

one case, at some distance from the í 

corners of the elongated bundles, on 

the upper. part of the superior 3 

series and on the lower part of the 

inferior series, the continuous are ; ; 

is broken; the broken parts cor- 

respond to the median parts of Fig. 8. Successive cross sections at 

both separated traces (Fig. 8, 4-5). M cM iey yel. 2 

In another case, the interruption Explanations in text. 

of the traces occurs before they are separated from the rachis-bundles. 

The upper are of the separated inferior trace is then broken in its 

median part, and these two inferior bands form with a V-shaped superior 

one, which also frequently bifurcates, the typical arrangement (Fig. 8, 

5-6). In smaller pinnae, these two separated traces remain undivided. 
In the branching of the pinna-traces, it is remarkable that each of 

the superior and inferior groups of pinna-traces branches off from the 

corresponding bundles of the rachis. Both series of traces, however, 

are connected with each other by a small short strand in the branching 

part. When the upper side of the inferior band of the separated traces 

is broken in its median part, a small strand is given off from that region 

(Fig. 8, 5), and runs obliquely up to the lower corner of the V-shaped 
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superior bundle (Fig. 8, 6). The connection by such a strand is figured 
by Tansrey (1907-08) in the case of Cyathea. The mode of branching 
of pinna-traces, therefore, is a typical case of the so-called extra-marginal 
type of Davin (1918). 

The branching of the second pinna-traces from the pinna-axis takes 
place in the same way as in the case of the pinna-traces parted from the 
rachis-bundles. In the case of branching of the third or last pinna- 
traces from the second pinna-bundles, the same process takes place. 


D. STRUCTURE or THE Roor 


The roots, which are adventitious as in many ferns, are given off 
from the basal regions of the petioles. Their length is inconstant, but 
rarely reaches 10 cm., while the thickness is pretty constant being 1.0-1.5 
mm. But, as the stem is erect, they do not reach the ground, except 
those of the basal part of the stem. These roots pass out through the 
crowded petiolar bases. 

The parting of root-traces from the stem stele takes place at the 
base of the petiole, that is, it is related to the branching of the leaf- 
traces as in many ferns. Asa matter of fact, the root-traces are given 
off from both sides of the lower half of the leaf-gap, or from the bases of 
the leaf-traces parting (Figs. 2 & 5). The lowest trace belonging to a gap 
parts from a point a short distance below the bottom of the gap, while 
the uppermost one parts from the middle of the gap (Fig. 5). On both 
sides of the gap between these two extremes, numerous root-traces issue 
successively without any order. Sometimes, two or three traces are given 
off close to each other. The root-traces thus parted descend downwards, 
and penetrate through small pores in the sclerenchymatous sheath 
(Fig. 3), and passing through the cortex reach the surface of the stem. 
When they traverse the sclerenchymatous sheath, they are accompanied 
with brown-walled sheaths, which gradually increase in thickness after 


the traces leave the stem. 


E. HISTOLOGICAL STRUCTURE OF THE STEM 


According to the size of the stem, the dimensions of the different 
tissues vary. The following description is based on material with a 


diameter of 7 cm. 
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a. The Cortex 


The epidermal layer of the stem peels off early, and the brown 
cortical layer under the epidermis, 1. e. the hypodermal layer is exposed. 
The actual cortex, i.e. the part outside the stele, including the outer 
hypodermal layer, is not constant in thickness. It measures about one- 
tenth of the diameter of the stem, that is, 7-10 mm. in the stem 7 cm. in 
diameter. 

The cortex may be divided into four layers. The first or outermost 
layer, or the brown hypodermal sheath, is a thin (about 1-2 mm.) but hard 
protective tissue surrounding 
the stem surface (Fig. 9, hy). 
The second layer is the widest 
region consisting of whitish 
parenchyma (Fig. 9, cor), in 
which many mucilage sacs are 
A: -E scattered (Fig. 9, ms). The third, 
hy coy mS SC pa st pa Sc ma pt most prominent characteristic 
sclerenchymatous sheath, with 


Src ry er se 


----.---- 


Fig. 9. Transverse section of the external 


part of a stem to show the general structure. an average thickness of about 
hy oie pedermal laver A) 2mm. (Fig. 9, sc), runs almost 
cor, external cortex parallel to the stele. The fourth 
sc, sclerenchymatous sheath : : 5 
st,  stele layer (Fig.9, pa) is parenchy- 
t, pith e 
Pie bit matous, and has the same thick- 


pa, parenchyma 
ms, mucilage sac ness as the third, and numerous 


md, medullary bundle : ugh 
mucilage sacs are found in it. 

The first layer is of brown colour and about thirty cells thick. The 
external one-third of this layer consists of parenchyma with a rather 
thick membrane, while the remaining two-thirds consist of sclerenchy- 
matous fibers with the membrane of the same thickness as the former. 
The distinction between these two kinds of tissue is not clear in trans- 
verse section, though the cells of the former have a somewhat larger 
cavity than the latter, but it is apparent in longitudinal section. How- 
ever, the transition between these two kinds of tissue is gradual. Cork 
is not developed. 

The second and four layers consist of large parenchymatous cells, 
and embedded in both layers, especially in the fourth, mucilage sacs are 
abundant. In transverse section, these sacs are hollow circular cavities 
containing some mucilage, their diameter being somewhat greater than 
that of the surrounding parenchymatous cells (Fig. 10, A). They are 
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Fig. 10. Mucilage sacs in the fundamental tissue of 
the stem. (magnified) 


A, Transverse section 
B, Longitudinal section 


solitary or in groups of two or three. In longitudinal section, it is seen 
that they are not canals, but are ellipsoidal sacs with rounded ends (Fig. 
10, B). These sacs are arranged in an irregular longitudinal row. 

The third layer, the characteristic sclerenchymatous sheath, consists 
of typical long sclerenchymatous fibers similar to those found in the 
inner half of the first layer. In the transitional region between these 
sclerenchymatous and parenchymatous layers, there is a layer of par- 
ticular cells. In transverse section, they are similar to the fibrous cells, 
but in longitudinal section, they are quite different, because, these cells 


B 


Fig. 11. Transverse and longitudinal sections at a 
part of the cortex to show the transition between paren- 


chyma and sclerenchyma. (magnified ) 
A, Transverse section B, Longitudinal section 
pa, parenchyma sc, sclerenchyma 


ec, cubical cells 
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are not long fibers, but are very short and nearly isodiametrical, with 
thick inner and thin outer walls (Fig. 11). The presence of such cells 
has been recorded in the case of some higher plants? and also in ferns?, 
but not in the Cyatheaceae. They may be called “ cubical cells”. 


b. The Stele 


The stele is a hollow cylindrical tube with a wall about 2 mm. in 
thickness. In transverse section, each meristele is constructed accord- 
ing to the normal amphicribral 
type with a distinct endodermal 
layer (Fig. 12. Endodermal 
cells are elongated tangentially, 
and their radial walls distinctly 
show Caspary’s points (Fig. 12, 
e). The pericycle is a paren- 
chymatous layer of three or 
four cells thick (Fig. 12, per). 
The phl m consists of sieve- 
tubes and phloem-parenchyma 
(Fig. 12, ph). Sieve-tubes are 
distinguished from the paren- 
chymatous cells by their greater 
size (Fig. 13, st). In the outer 
part of the phloem and in 
contact with the  pericycle, 
there is a layer of protophloem, 
the cell-wall of which is crushed 
Fig. 12. Transverse section of the’ stele and swollen, as is ordinarily 


4 


$2 
3: 


aes 


AS 


f 3 i 5 5 
of the stem x (magnified) the case with the fern (Fig. 13, 
e, endodermis ph, phloem à : j 

DO PONT i em Ed pp). In contact with the inner 


side of the protophloem-layer, 
there is seen, in transverse section, a layer of fairly large cells. "These 
cells look like sieve-tubes, but in longitudinal section, it is clearly seen 
that these are not canals, but ellipsoidal sacs (Fig. 18, mc) They 
contain some mucilage like the mucilage sacs in the cortex, and swell so 
much that they press against the neighbouring cells. They may, there- 


1) Payen (1842) Mémoir sur la dévelopment des végétaux. Paris; Trevs, M. 
Observations sur la sclérenchyme. Versl. en Medd. Asd. Nat., R. 2, D. 11. 
2) Merrentus, G. (1864) 
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fore, be called “ mucilage cells”. The presence of such cells was also 
described by Scnürze (1906) in Cyathea. The sieve-tubes show the 
general fern-type, and small pit-areas are found on their radial walls. 
They are separated by one or two cell-layers of phloem-parenchyma from 
the layer of mucilage cells (Fig. 18). The conjunctive parenchyma, that 
is the parenchyma connecting the xylem and phloem, is a layer two or 
three ‘cells thick. The phloem and endomermis on both sides of the 
xylem are of the same structure respectively. 


— iA il 
June rum NAPRA 
TINO NOM 


Fig. 13. Transverse and longitudinal sections through 


the phloem of the stele of the stem. (magnified) 
A, Transverse section B, Longitudinal section 
per, pericycle st, sieve-tube 
pp, protophloem tr, tracheids 


me, mucilage cells 


The xylem occupies the central part of the stele and consists of 
a greater amount of tracheids and xylem-parenchyma (Fig. 12, xy). 
The size of the tracheids is not constant, but reaches 15 in diameter, 
and there is no regular order in their arrangement. They are all 
scalariform, and no spiral or annular ones are found, so that the position 
of the protoxylem is not distinct. 


c. The Pith 


The pith occupies the greater part of the center, and may be 
divided into three layers. The first is a parenchymatous layer border- 
ing the inner side of the stele and corresponding to the innermost or the 
fourth layer of the cortex (Fig. 9, pa). The second is the sclerenchy- 
matous sheath, which is continuous through the stelar gap to the similar 
tissue in the cortex (Fig. 9, sc). The third, the pith proper, enclosed in 
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the second or sclerenchymatous layer, consists of a large amount of paren- 
chyma (Fig. 9, pt), containing mucilage sacs similar to those in the 
cortex, and also the medullary bundles (Fig. 9, md). Each of these 
layers is identical with that of the corresponding layers of the cortex in 
histological nature, and need not be described here; the medullary 
bundles are an exception and will be considered later. 


d. The Leaf-Gap and Leaf-Trace 


The base of the petiole is attached to the stem obliquely. The hard 
basal parts of petioles are left after the leaves are shed. These persist- 
ing bases consist of the hard peripheral layer and petiolar bundles, all 
of the fundamental tissue decaying off (Fig. 6) The decay of the 
parenchyma proceeds up to the stem surface, while there is a brown 
tissue like an absciss-layer or a diaphragm which protects the internal 
- tissue against decay. Petiolar bundles penetrate this brown layer 
inwards, and project outwards into the hollow petiole. 

In transverse section, the part of the stem at the absciss-layer is 
seen to correspond to a leaf-gap, that is the part where the pith and 
cortex are communicated with each other. The external layer of the 
stem on the absciss-layer just referred to is a thin brown layer, with the 
same appearance as the hypodermal layer, but its anatomical character 
is quite different from the latter; the absciss-layer consists of parenchy- 
matous fcells only, and contains neither fibers nor cork-tissue. The 
transition to the inner fundamental tissue is gradual. Indeed, at first, 
this is a part of the fundamental tissue between the stem and petiole, 
which, in the time of leaf-fall, becomes a diaphragm. The change to 
the diaphragm is accompanied by the thickening and colouring of the 
membrane and not by the cell-formation. 

In transverse section of the stem, at the basal part of a leaf-gap 
there are semicircular grooves on the stem surface (Fig. 1, le). These 
are the lenticels situated at the very base of the petiole (Fig. 6). A 
lenticel consists of a fusiform groove, and tylosis-parenchyma is present 
not at all or only in a small quantity, because, in the lenticel of this 
plant the cork-cambium is not developed, differing from the typical one 
of Phanerogams, so that if the original cells once fall out, new ones will 
not be found in the groove. 

The mode of parting and the arrangement of leaf-traces in a leaf- 
gap has been described above. The structure of every leaf-trace is 
similar, being as follows. In transverse section, it has a short, some- 
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what curved rod-shape. The endodermis is a distinct layer surrounding 
the bundle. The xylem is of almost the same form, but has a groove on 
the central inner side, where is situated the protoxylem. The phloem 
entirely encloses the xylem, with the protophloem in its periphery, and 
is separated from the endodermis by a layer of the pericycle, two or 
three cells thick. Internal protophloem is sometimes indistinct. The 
internal concave side of the xylem is occupied by the parenchyma and 
sieve-tubes. Inside the protoxylem, which is composed of spiral 
tracheids, is a large intercellular cavity, the protoxylem-cavity, which is 
commonly found in ferns. Outside the endodermis, there are brown 
sclerenchymatous bands, separated from the former by several layers of 
parenchymatous cells. Itis seldom that these bands enclose the leaf- 
trace as a whole, but usually occupy the inner and outer sides, inter- 
rupted laterally. These bands are derived from the sclerenchymatous 
sheath of the meristele, when the trace traverses this sheath. 

The above describes the normal leaf-traces, but they often present 
some irregularities due to the parting of root-traces, which occurs on the 
outer side of the trace. 


Fig. 14. Successive cross sections of a meristelic margin to show 
the process of formation of grooves of the xylem in the parting of a 
leaf-trace. A groove c bifurcates into two c; and c». (2) 


Next, the origin of the protoxylem in the leaf-trace must be traced, 
because, in the meristele itself there is no indication of protoxylem. 
When the marginal part of the meristele is about to be separated to 
form a leaf-trace, there appears, on the inner side of the xylem, at a 
short distance from the very edge, a small groove with a protoxylem and a 
large cavity (Fig. 14, 1, c). Prior to the parting of a leaf-trace, however, 
the protoxylem with the accompanying cavity on the margin of the 
meristele is bifurcated (Fig. 14, 2, c, c), and these two are gradually 
separated from each other (Fig. 14, 3). Of these two, the external one 
becomes the protoxylem and central cavity of the leaf-trace just 
about separate off (Fig. 14, 4, c). The inner one remains in the meri- 
stele (Fig. 14, 4, cj), but it is soon bifurcated for the formation of the 
protoxylem of the next trace, and so on. Thus, on the marginal part of 
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Fig, 15. Successive cross sections at three 
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levels of a root-trace. (magnified ) 
A, Near the place of parting 
B, Middle part of the cortex 
C, Outer part of the cortex 
e, endodermis 
ph, phloem 
pp, protophloem 
xy, xylem 
px, protoxylem 


the meristele, either one or two 
groups of  protoxylems with 
accompanying grooves may be 
found. 

The direction of each leaf- 
trace is caused by the outward 
curving of the meristelic margins, 
butintheir structure they present 
no essential difference. 

Leaf-traces traverse the 
cortex obliquely, and enter the 
petiole. In their course, the brown 
sclerenchymatous bands, which 
are accompanied with the traces 
when they penetrate the scleren- 
chymatous sheath of the meristele, 
diminishes gradually, and when 
the traces reach the external 
cortex, there remains only a small 
part, which entirely disappears 
in the base of the petiole. 


e. The Root-Trace 


Root-traces part from the 
meristelic margins of the leaf-gap, 
or from the basal parts of the leaf- 
traces themselves, and descend 
the cortex obliquely. The branch- 
ing of a root-trace begins with 
the formation of a protuberance 
on the external part of the meri- 
stele. In the first place, an 
endodermal layer bulges out, and 


accompanying this, the phloem 


and xylem also bulge out in the 
same way. Then, the protruded 
xylem is constricted off from the 
main xylem, the phloem and 
endodermis follow the same 
process, and at last a distinct 
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small circular bundle, the root-trace, is established. In the case in 
which the trace part from the leaf-traces themselves, the same process 
takes place on the external side of the leaf-traces. 

The root-trace thus parted is circular in transverse section, and its 
structure is of the protostelic type, that is, the central part is occupied 
by a circular xylem consisting of tracheids and a small amount of 
xylem-parenchyma, the xylem being enclosed in a ring of the phloem, 
which is enclosed in turn in an endodermal layer (Fig. 15, A). The 
differentiation of the protoxylem and metaxylem is not quite distinct. 

In the oblique descent through the cortex, there occurs a certain 
change in its structure ; the greater amount of tracheids diminishes, and 
in consequence, the amount of xylem-parenchyma increases (Fig. 15, B). 
Still further downwards, the degenerating tendency of the tracheids 
becomes so pronounced that they are reduced to two small isolated 
groups, situated in the periphery on the opposite sides of the central 
parenchymatous cells (Fig. 15, C). Each group consists of only a few 
tracheids, of which the smaller ones representing the protoxylem are 
situated on the external side. Meanwhile, the size of the bundle itself 
gradually diminishes, and the phloem-elements also diminish, until at 
last, there remain only two groups, one on each side of the xylem-plate. 
Thus, à typical diarch bundle, a characteristic root-structure, is es- 
tablished in the middle part of the cortex of the stem (Fig. 15, C). 

When a root-trace penetrates the sclerenchymatous sheath of the 
meristele, the sheath is interrupted forming a small hole (Fig. 3), and 
when the trace parts from the sheath, brown and thick-walled cells 
appear in the periphery of the trace, separated from the latter by several 
layers of parenchyma. These cells increase in amount when the parting 
from the sheath proceeds, and at last surround the trace as a thick ring. 
In the external cortex of the stem the ring of these brown cells encloses 
the root-trace completely, and between this tissue and the cortical tissue 
there is a distinct boundary. Thus, the formation of the root-trace is 
completed, the root being endogenous. 


f. The Medullary Bundle 


Medullary bundles which are distributed in the pith are of different 
sizes, reaching a diameter of 1 mm. They are usually circular in trans- 
verse section, but in some cases are elliptical. The larger bundle is 
accompanied by brown sclerenchymatous bands arranged in a ring, 
separated from the bundle itself by a parenchymatous layer. The 
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Fig. 16. Transverse section of a medullary bundle. 


(magnified) 
e, endodermis Xy, xylem 
pp, protophloem px, protoxylem 
ph, phloem tp, tylosis-parenchyma 


smaller bundle has one or two bands (Fig. 9, md), and the smallest none 
at all. This sclerenchymatous band corresponds to the sclerenchymatous~ 
sheath of the meristele, and has the same structure as the latter. There 
is also a particular layer of isodiametric cells.in the transitional part 
between this sclerenchymatous tissue and the neighbouring parenchyma. 
The medullary bundle itself is of the medullated protostelic type 
with an external endodermis (Fig. 16). Separated from the endodermis 
by a layer of the pericycle, is a ring of the phloem (Fig. 16, ph). The 
xylem also forms a ring on the inside of the phloem enclosing the 
central parenchymatous pith (Fig. 16, xy). The endodermis is a ring of 
a somewhat irregular shape, each cell clearly showing Caspary’s points. 
The phloem is a narrow ring, on the outer side of which.a protophloem- 
layer is situated (Fig. 16, pp). The xylem-ring consists of from one to 
three layers of tracheids, accompanied by a few xylem-parenchymatous 
cells. On the internal face of the xylem-ring, there are two or more 
groups of smaller annular or spiral tracheids. These groups, usually 
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two, project into the central pith, and indicate the position of the proto- 
xylem (Fig. 16, px). They are sometimes separated from the ring of 
metaxylem by a parenchymatous layer, and in such a case, their position 
is very distinct. Neither the internal phloem nor endodermis are pre- 
sent. The central pith, enclosed in the xylem-ring, is variable in size. 
In smaller bundles, it is formed only of parenchymatous cells, but in the 
larger ones the central part is occupied by a large cavity, usually filled 
with large tylosis-cells (Fig. 16, tp). In some cases, the parenchyma in 
the pith contains small intercellular spaces, and the presence of various 
transitional forms, as seen in transverse as well as in longitudinal section, 
indicates that the central cavity is of a shizogenetic origin, and that the 
tylosis-cells are formed by the protrusion of surrounding cells into the 
cavity. 

Now, the mode of union of the medullary bundle with the meristele 
is to be considered. When a medullary bundle approaches the 
margin of the meristele, the sclerenchymatous sheath of the latter is 
interrupted, and the sheath-margins thus formed are connected with the 
sclerenchymatous bands of the medullary bundle, thus making the 
sclerenchymatous sheaths of the meristele appear to curve outwards 
at the interrupted part (Fig. 17, 1). The medullary bundle 
penetrate this gate of the sclerenchymatous band, and approaches the 
meristele. At the same time, the margins of the opening of the 
sclerenchyma approach, and finally fuse with one another (Fig. 17, 
2). Then, the medullary bundle 
unites with the meristele itself. 
At first, it is a protuberance, but 
gradually disappears (Fig. 17, 
2-3). As the medullary bundle 
contains a central cavity and 
tylosis, in the case of fusion with 


Fig. 17. Successive cross sections of a 3 ^ 
meristelic margin to show the process of the meristele, these tissues are 


formation of grooves of the xylem in the 


union of a medullary bundle. ( x2) incorporated into the meristele. 


cı €», grooves of the xylem When the protuberance of the 

mne bunde meristele disappears, the cavity 
and its accompanying tylosis are entirely enclosed in the inside of the 
xylem. In this case, on the inner side of this enclosed cavity, there are 
one or two layers of tracheids, derived from the tracheids of the medul- 
lary bundle, which are distinguished by their smaller size. In this 
enclosed cavity, two groups of the smallest tracheids are often promi- 
nent; they are the direct continuation of the protoxylem-groups of the 
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medullary bundle. After a short time, the tracheidal layer on the inner 
side from the enclosed cavity diminishes, and soon disappears, so that 
the enclosed cavity is connected with the conjunctive parenchyma 
directly, forming a parenchymatous groove on the inner side of the 
xylem (Fig. 17, 3-4, m). This state is similar to the case of the groove 
of the xylem appearing, as above described, for the formation of a 
normal leaf-trace. Indeed, both kinds of grooves on the xylem are 
equivalent, and in this case also, the groove serves as a preparation for 
the parting of a leaf-trace. The leaf-trace thus formed becomes, as before 
stated, to some one of the superior series of petiolar bundles. 

Now, there arises another question. As stated above, previous to 
the parting of a leaf-trace, a groove of the xylem bifurcates in the pre- 
paration for the next leaf-trace. In the present case, therefore, it is 
possible that the two grooves may appear in one leaf-trace, the one due 
to the bifurcation of the groove of the preceding trace, the other to the 
union of a medullary bundle. In fact, however, only one groove is found 
in each trace, because the groove of the preceding trace is not bifurcated 
and goes in that trace as à whole, leaving no groove on the remaining 
meristele, in which a new groove is formed by the union of the medullary 
bundle in the way described (Fig. 17, 1-4). 


F. HISTOLOGICAL STRUCTURE OF THE LEAF 


a. 'The Petiole 


The epidermis of a petiole is a layer of the thickness of one cell, 
the cellmembrane of which is rather thick and covered by a cuticle. 
Epidermal cells are of à long rectangular form in surface view, and no 
stomata are found. On the surface there are two kinds of hairs; the 
one scaly, and the other filiform, both brown in colour. 

Inside the epidermal layer of the petiole, there is a layer consisting 
of several rows of large parenchymatous cells, followed by a rather thick 
layer of small sclerenchymatous fibers. The cellmembrane in both 
kinds of tissue is equally thickened andislightly coloured, manifesting 
a strong lignified reaction. These tissues are very hard, and may serve 
as a hypodermal sheath. The hypodermal ring envelops the whole of 
the petiole, being interrupted only by lenticels on the lateral sides. 

Spines on the surface of the petiole are conical. The epidermis of 
the petiole continues to the surface of the spines, which are filled with 
small brownish thick-walled cells and contain no vascular system. 
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Lenticels penetrate deeply into the hypodermal layer. The inner 
border or the bottom of a lenticel consists of dark brown parenchyma,- 
and gradually passes inwards to the cortical parenchyma. In the 
lenticel itself, brown rounded cells are arranged loosely, the tendency to 
which becomes more evident toward the external side, until finally some. 
of the cells fall off. These loose cells correspond to the compensating 
cells of the lenticel in Phanerogams, but they are not quite equivalent 
to those of the latter, because they are not produced by the cork-cam- 
bium, but are the original parenchymatous cells themselves. In fact, in 
the basal part of the petiole, most of these cells fall out of the lenticel, 
and a fusiform cavity or groove is formed, which is not filled again. 

The fundamental tissue of the petiole consists of large parenchy- | 
matous cells, in which the petiolar bundles and mucilage sacs are 
embedded. The latter are constructed in the same manner as those of 


the stem. 
The form of the petiolar bundle varies at different levels in the 


petiole ; in the basal part they are separated, each in a V-shape, while 
upwards they are united in 
a W or continuous wavy 
form. First, let us consider 
the structure of a V-shaped 
bundle. It is almost similar 
to that of a leaf-trace, but 1s 
onger and more curved than 
the latter (Fig. 18) A 
distinct endodermis encloses 
the bundle (Fig. 18, e). The 
xylem is of à V-shape, and 
both arms consisting of large 
tracheids curve slightly (Fig. 
18, xy) and its central 


Fig. 18. Transverse section of a petiolar 


corner is occupied by many yy nale. (magnified) 

minute tracheids, or the A A 

protoxylem. An arm usu- r ee px, protoxylem 
, 


ally consists of one or two 

rows of large tracheids. In the parenchyma, in contact with the pro- 
toxylem, there is a lacuna, a protoxylem-cavity, sometimes with tylosis- 
parenchyma. The protoxylem and accompanying cavity of the petiolar 
bundle are direct continuation of the same tissues in the leaf-trace. 
The phloem encloses the xylem, and is of nearly the same thickness, 
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but on the external side of the xylem-arms and near the protoxylem- 
cavity it is somewhat thicker (Fig. 18, ph). The protophloem is situated 
at the outer side of the phloem in a continuous layer, which is separated 
from the endodermis by one or two rows of pericyclic cells, but in front 
of the protoxylem-cavity, this layer is not distinct (Fig. 18, pp). The 
xylem consists of scalariform tracheids and xylem-parenchyma, while 
the protoxylem is composed of spiral or annular elements. The layer 
of sieve-tubes is separated from the xylem by a conjunctive parenchyma 
one or two cells thick. Mucilage cells, found on the inner side of the 
protophloem of the stem stele, are not found in the petiolar bundle ; 
they disappear when the stelar margin is cut off from the meristele so 
as to form a leaf-trace. 

Surrounding the endodermal layer, there is a protective sheath, 
which, contrary to the case of the stem stele, is in direct contact with the 
endodermis, and is not brown in colour. The sheath surrounds each 
bundle and is more abundant on the inner side of the V. It is a layer 
a few cells thick, consisting of long prosenchymatous fibers with thick 
and lignified walls. The transition of this fibrous layer to the fundamen- 
tal tissue 1s gradual. 

Next, let us briefly consider a wavy bundle. As the wavy form is a 
result of the mutual connection of V-shaped bundles, one wave corre- 
sponds to one original V. In the case of fusion, the xylem of each 
bundle fuses, and the phloem and endodermis also fuse into one another 
respectively, so that each tissue continues in a wavy form. The crest of 
the xylem-wave is occupied by a protoxylem, continued from that of a 
separate leaf-bundle. 


b. The Rachis 


The general structure of the rachis is similar to that of the petiole 
itself notwithstanding its smaller size. Uniseriate hairs survive for a 
long time, especillay on the upper part. Lenticels become smaller 
toward the end, and have a whitish appearance which is due to the 
presence of air between the epidermal layer and inner parenchymatous 
cells. The structure of the hypodermis, meristele and fundamental 
tissue 1s the same as that of the petiole. 


c. The Lamina 


The lamina or frond is of the normal fern-type. The epidermal 
cells have an irregular wavy outline in surface view, and contain a small 
quantity of chlorophyll-bodies, but they, are rectangular on the nerves. 
Stomata are found only on the lower side. 
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The mesophyll consists of four or five layers of parenchymatous 
cells containing chlorophyll-bodies, and no distinct differentiation is 
found among these layers, though those of the lower side have larger 
intercellular cavities. The vascular bundle of the nerve is collateral in 
structure, and lacks a distinct endodermis. 


G. HISTOLOGICAL STRUCTURE OF THE Roor 


The roots have almost equal diameter ranging 1.0-1.5mm. Their 
surface is covered while young with brown root-hairs, which usually fall 
off with age. Most of the roots are functionless, not reaching the 
ground. 

The epidermis consists of one layer of parenchymatous cells. The 
cortex consists of outer and inner parts, the former consisting of paren- 
chyma with thin cell-walls, and the latter of thick-walled long scleren- 
chymatous fibers. Epidermal and cortical cells have walls of a dark 
brown colour. The transition between the outer and inner tissue is 
gradual. The bundle is of the diarch radial type. The endodermis, a 
layer more or less distinct, is separated from the inner cortical fibrous 
cells by one or two layers of transitional cells. Internally, separated 
from the endodermis by one or two layers of pericyclie cells, are two 
groups of protoxylem, which consists of several small spiral tracheids. 
The metaxylem connecting these two groups consists of large tracheids 
arranged in one or two rows in a plate-form. The phloem is found on 
both sides of the xylem-plate, forming a normal root-type. 

In most of the roots, the elements of the metaxylem show no histo- 
logical differentiation, though they exhibit the form of tracheidal cells, 
their walls remaining thin and showing no characteristic pitting (Fig. 
15, C). This is in accordance with the fact that most of the roots are 
functionless. This cessasion of the differentiation of the metaxylem 
oceurs also in the root-trace itself, when the latter penetrates the cortex. 
In older roots, the central cylinder disorganises earlier than the cortical 
tissue; the roots become hollow, and so remain for along time. The 
disorganisation of the root-stele extends up to the outer cortex of the 
stem, which is shown by small pits in cross section of the cortex. 


Il. THe Youne ELANT 


One of the chief objects in the study of the young plant is to 
explain the mode of origin of characteristic tissues found in the adult 
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plant, that is, of the stelar skeleton, sclerenchymatous sheath, and 
especially of the medullary bundle. For this purpose, the plants of 
20-30 cm. in height were used. 

A young plant, which was specially closely investigaved and on which 
the following descriptions are chiefly based, had a stem about 30 cm. in 
height. Not only the subterranean part, which measured about 10 cm., 
but also nearly all other parts of the stem were clothed by a hard root- 
system so thickly that the stem itself was not exposed. The body of the 
stem tapered toward the top in a conical form. The upper part of the 
stem as well as the subterranean part was covered by half-decayed bases 
of petioles. Other plants collected showed similar features, though some 
irregularities were present in their shape. 

The structure of this young plant was examined by successive cross 
sections of the basal part as far as 16cm. from the basal tip. The 
sclerenchymatous sheath was neither so thick nor hard as in the adult 
plant. ` From the study of these sections, a stelar construction was deter- 
mined, and the size and arrangement of leaf-gaps, the mode of branch- 
ing of leaf-traces and root-traces, as well as the course and origin of the 
medullary bundle were made clear. 


A. Cross SECTIONS OF THE STEM 


Before describing the stelar construction thus determined, it will be 
convenient to give a description of the six main parts. 

Region A (the tip; diameter 6mm.; Fig. 19, A). The tip of the 
conically tapered stem base has a diameter of about 4mm., but the true 
tip has been lost by decay. Even this stem base is covered by persisting 
petiolar bases. In transverse section of the tip, the detailed structure 
is hardly recognizable, bacause this part is very dark brown, being half- 
decayed. However, the inner structure is well preserved at the part 
about 1mm. above the tip. Here, in the region A, the outline of the 
stem in transverse section is almost circular with a diameter of about 
6mm. Exposed on the surface, there isa brown tissue, and emhedded 
in the fundamental tissue, which follows the latter, are two bands of 
meristeles, running parallel to each other, each enclosed by a thin 
sclerenchymatous band. At the elongated stelar margins in one of the 
two leaf-gaps, two small bundles, the leaf-traces, are seen. The bulging 
part of the stem, in which the leaf-traces lie, presents a leaf-base. 
The pith or the central fundamental tissue lying between the two 
sclerenchymatous bands is narrow. No, medullary bundle is present. 


Comparative Anatomy of Japanese Cyatheaceae 189. 


2 "eoa gre fi ‘QP N atc. n s S : 
Root-traces are found near the leaf-gap. Thus, the stele in this region 
shows that the leaf-gaps are overlapping, so that the stele itself is a 
dictyostele. This form of structure is the lowest part of the stem 
actually known in this young plant, but judging from the facts known in 
other ferns, especially in the sporelings of the Cyatheaceae described by 
some authors,” it may be assumed that the very tip is constructed after 
a protostelic type, but further upwards, a solenostele and then a dictyo- 
stele are to be found. 


Fig. 19. Transverse sections of six regions of the 


stem of a young plant. (nat. size) 
A, Region A D, Region D 
B, Region B E, Region E 
C, Region C F, Region F 


Region B (15 mm. above the tip ; diameter 10 mm.; Fig. 19, B). In 
this region, where the diameter of the stem 1s larger, the bases of petioles 
are preserved. A cross section of the stem in this region presents a 
triangular shape with rounded corners, owing to the bulging of the 
petioles. The diameter of the stem is 10 mm. and that of the stelar ring 
6mm. Exposed on the surface, there is a thin brown sclerenchymatous 
hypodermis. The stelar ring makes a triangular shape, whose sides are 
almost parallel to the stem surface, and the meristeles, two larger and 
one smaller, show that the phyllotaxy is 2. Outside the leaf-gap, two pairs 
of leaf-traces are seen. Each meristele is enclosed by a brown sclerenchy- 
matous band. The base of a petiole is relatively large, on account, of 


1) CHANDLER, S. E. (1905) ; STEPHENSON, G. B. (1908); GwvxNE-Vavanas, D. T. 
(1901-03). 
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which the outline of the stem is angular. In the pith, which is also 
triangular, seven small medullary bundles are found. They are not 
accompanied by sclerenchymatous masses. 

Region C (80mm. above the tip; diameter 18 mm.; Fig. 19, €). 
This region is, in transverse section, of an irregular triangle with rounded 
corners, though it is more circular than the region B. It has a 
diameter of about 18mm. An ordinary brown sclerenchymatous sheath 
covers the whole of the stem surface. The stelar ring, about 12 mm. in 
diameter, is interrupted at three points, showing its phyllotaxy to be 2. 
In a leaf-gap three pairs of leaf-traces are found, and from its margins 
root-traces are also given off. The pith becomes larger and more circular, 
and contains nine medullary bundles, some of which accompany a small 
amount of sclerenchymatous tissue. 

Region D (60 mm. above the tip; diameter 24 mm.; Fig. 19, D). 
A transverse section of this region shows a triangular form with rounded 
corners. The diameter of the stem is 24 mm. and that of the stele 
17mm. The internal structure coincides with that of the preceding 
region. Four pairs of leaf-traces are found in each gap, and the medul- 
lary bundles are twelve in number. In other points, no peculiarities are 
found. 

Region E (105 mm. above the tip; diameter 30 mm.; Fig. 19, E). 
In eross section, the outline of the stem of this region is also triangular 
with the diameter of 30mm. Five or six pairs of leaf-traces are found 
inagap. The stelar ring is also triangular with a diameter of 21 mm. 
In the internal structure no particularly interesting points are seen. A 
slight curving of the stelar margins in the leafgap, the typical 
Cyatheacean type, is noticeable. Nineteen medullary bundles are found. 

Region F (165 mm. above the tip; diameter 35 mm.; Fig. 19, F). 
This region shows a more circular outline than the preceding, having a 
diameter of 35 mm. There are six or seven pairs of leaf-traces in each 
gap, and nineteen medullary bundles in the pith. The stele, 25 mm. 
in diameter, is constructed after the dictyostelic type with a phyllotaxy 
of 3. In other points, no particular differences to the preceding are 
found. The curving of the gap-margins and the mode of branching of 
the leaf-traces are similar to the type in the adult plant. 


B. Sorr» CONSTRUCTION OF THE STEM 


Now that the descriptions of six main different regions have been 
given, we enter on the reconstruction of the solid structure of the stem. | 
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The diameter of the stelar ring increases in proportion with that of 
the stem. The relation of the distance of a region from the tip and the 
diameter of the stem and stelar ring in that region is as follows : 


Region A B C D E F 
Distance from the tip (mm.) 1 15 30 60 105 165 
Diameter of the stem (mm.) 6 10 18 24 30 29 
Diameter of the stele (mm. ) 2 6 12 "m 21 25 


The rate of increase of the diameter of the stelar ring diminishes 
from the conically tapered tip of the stem base toward the upper part of 
the stem. Ina graphic representation, if we take v for the distance of 
a region from the tip and y for the semicircumference in that region, the 
eurve to show the rate of increase of the cireumference may be expressed 
by the parabolic formula y*=pz, where p=10. A graphical representa- 
tion of the stem stele developed according to this formula is given in 


Fig. 20. 


b. The Leaf-Gap 


At the very tip of this material are located two leaf-gaps. By serial 
sections of the stem, the position or arrangement of leaf-gaps along the 
stele and the size of each gap can be ascertained, aud these are shown 
diagrammatically in the Fig. 20. 

In the first place, the change in the size of the gaps will be con- 
sidered. The gaps have different sizes according to the size of the 
stelar ring, being larger in the upper part than in the basal part of the 
stem. They are long and fusiform, like those of the adult plant. The 
vertical length as well as the longitudinal breadth of the gaps at different 
levels changes according to the rate shown below, where only the length 
in six main regions is recorded : 


Region A B C | D E F 


Length of the gap (mm.) 4-5 6-8 | 10-12 | 15-18 | 20-25 | 26-30 


Next, the distribution or mutual arrangement of the gaps will be 
considered. We have traced 41 gaps in the stele, and their mutual 
relation has been determined (Fig. 20). At the tip of the material, only 


192 Y. Ogura 


two gaps are found, while throughout the whole length of the stem three 
gaps, and sometimes four, are found in one and the same transverse 
section, that is, three or four gaps overlap one another (Fig. 19). Three 
gaps are not equal distances apart from each other, and from their posi- 
tion it is easy to determine, even by a transverse section, that the 
phyllotaxy is 2. But, strictly speaking, it is not exactly 3 throughout 


l 


2. 
the stem. In the basal region, the sixth gap is situated just above the 
first, while in the upper region the arrangement undergoes some slight 
change, in consequence of which, the orthostichies derived from con- 
necting the corresponding gaps are not vertical, but twisted in a spiral. 
This tendency becomes more pronounced toward the upper part; conse- 
quently, a $ phyllotaxy may result. As a matter of fact, on the upper 
part of this young plant, the phyllotaxy may be considered as 2 on the 
one hand, and as 3 on the other hand, because the orthostichies derived 
from 3 and $ have almost the same inclination to the vertical line, 
though their inclinations are opposite (Fig. 20). It is interesting to 
notice here that, the phyllotaxy in the adult form of this species is 
3, and may be considered that, the region between A and F is the trans- 


9 


itional part between 3 and 3. The phyllotaxy can be also determined 
by means of the arrangement of the petioles, but as the surface under- 
goes some decay, it is not easy. The change of the phyllotaxy in one 
and the same plant is not a rare phenomenon, and many cases were 
recorded by Scorr (1874) in some Cyatheacean plants. One of the largest 
plants collected in the Island of Hachijó has a phyllotaxy of 3, while in 
those from other localities, the more advanced phyllotaxy can be seen. 

Another fact must be here recorded. The phyllotaxy in this young 
plant is left-handed, while that of the adult plant is right-handed. The 
latter form is the normal type and the former an exceptional one. Such 
an opposition in the orientation of the phyllotaxy in one and the same 
species was found also by the writer in the rhizomes of Athyrium 
nipponicum. 


c. The Leaf-Trace 


Accompanying the increase of size of leaf-gaps from the base of the 
stem upwards, the number and the mode of branching of the leaf-traces 
in each gap undergo a gradual change. In a transverse section of the 
stem, the petiolar base is cut obliquely, and the exact arrangement of 
the petiolar bundles cannot be seen. Accordingly, for the present 
purpose, the writer has compared other young materials. 
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Fig. 20. Developing figure of the stele of a young plant 
showing the arrangement of leaf-gaps (1—41), the mode of branch- 
ing of leat-traces (small circles), and the origin and course of the 


medullary bundles (dotted lines). A—F show the six regions in 
text. (nat. size) 
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In the first place, the number of leaf-traces must be considered. 

In the lowest part, only one pair of leaf-traces is seen. This state 1s 
maintained until the ninth gap, while in the tenth and following gaps 
there are two pairs, and in the fourteenth there are three. Thereafter, 
the number of traces increases gradually as is shown below, in connec- 
tion with the increasing transverse diameter of the petiolar bases : 


| 

Region A B | Ç D E F 
Diameter of the petiole (mm. ) 4 6 8 10 12 18 
Number of leaf-traces (in pairs) l 2 3 4 5-6 6-7 


In the upper parts of the stem, the number of leaf-traces becomes 
inconstant, because some of the traces bifurcate or trifurcate as soon as 
they are parted from the gap, and the number of parted traces and that 
of the petiolar bundles do not coincide. One of the upper gaps of this 
young plant has eight pairs of traces and eleven pairs of petiolar bundles. 

Now, the mode of parting of the leaf-traces will be considered. The 
position and order of parting ditter considerably according to the size of 
the gaps and the number of the leaf-traces, so that we must consider 
them according to their respective parts of the stem. 

Region A (one pair of leaf-traces). In the case of one pair of leat- 
traces, the mode of parting coincides with that of the Polypodiaceae, 
that is, a trace is costricted from the stelar margin at the gap which 
projects externally. On entering the petiole, the two bundles are 
situated on the external side. The parting takes place in the middle or 
somewhat above the middle of the gap. 

Region B (two pairs of leaf-traces) 


Je 


In a petiolar base with a 
diameter of 6 mm., four bundles are arranged at equal distances on 
the periphery, two externally and the other two internally, all facing 
the center of the petiole (Fig. 21, A). The mode of parting is almost the 
same as in the preceding case, that is, the first pair parts from the pro- 
jecting margins of the gap, and the second follows in the same way. 
Both of them are parted from the upper half of the leaf-gap. A pair of 
medullary bundles is combined with the second pair of traces (Fig. 20). 
Region C (three pairs of leaf-traces). Here, the petiole with a dia- 
meter of 8mm. has four pairs of petiolar bundles, while there are three 
pairs of corresponding leaf-traces. This difference is due to the bifurca- 
tion of one of the traces. Three pairs of leaf-traces, external, lateral and 
internal, are arranged in a ring at the very base of the petiole. Some- 
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what higher up, the lateral pair twists to the external side, and with the 
external one forms the superior series, while the internal pair soon 
bifureates and becomes the inferior series (Fig. 21, B). The mode of 
parting of each trace is almost the same as in the preceding case, but the 
curving of the stelar margins now begins. 
The margins of the gaps extend externally, 
and the first pair of the traces is parted from 
their ends. The gap becomes broader, its 
stelar margins curving outwards, and then 
the second pair is given off from the margins. 
obo ipw M cns Then, the gap becomes narrower, where a 
ferent parts of a young plant pair of the medullary bundles fuses, and from 


showing the change in the CV 3 m. NE n. 25 
arrangement of vascular the margins the last pair of the leaf-traces is 


bundles. (nat. size) given oft. Somewhat later, the gap closes. 
> Prene Region D or E (four or five pairs of 

, o on S 1 A d 
€, Region D or E leaf-traces). The number of leaf-traces in 


D. kezion err this region with a petiole of about 12 mm. 


in diameter, is more inconstant owing to the fact that, on the one 
hand, the traces parted from the margin of the gap are not always in 
pairs, and on the other hand, the traces bifurcate as soon as they are 
parted from the meristele. For example, though there are six pairs of 
bundles in the petiole, there are only four pairs of parting traces. In 
this case, in the petiolar base six pairs of bundles show a different 
arrangement to the preceding, that is, two pairs are situated on the ex- 
ternal side and three pairs on the internal side close to each other, while 
there is another pair on the lateral side projecting somewhat inside 
the elliptical ring formed by the former five pairs (Fig. 21, C). This 
pair belongs to the laterally projecting bundles of the superior series, and 
forms with the three internal pairs the superior series ; the two external 
pairs on the other hand belong to the inferior series. After the first pair 
is given off, the gap becomes broader, and the margins begin to curve 
outwards, and from there the second pair is parted. Then, the margins 
recover their former curvature, and the third pair is parted inwards 
corresponding to the laterally projecting pair, to which a pair of medul- 
lary bundles is attached. The gap now becomes narrow, and its curved 
margins are cut off, and become the last or fourth pair. The latter 
usually trifurcates, and forms six pairs of petiolar bundles. With the 
last pair, there is combined another pair of medullary bundlles (Fig. 20). 
Thus, the mode of parting of the leaf-traces in this region shows clear 
signs of the characteristic features of the adult plant. 
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Region E or F (six or seven pairs of leaf-traces). In this region 
there are almost six or seven pairs of leaf-traces, while in the petiole, 
which are 20mm. in diameter, there are ten pairs of bundles, of 
which nine pairs are arranged near the surface in an elliptical ring, 
while another pair is lateral and projects somewhat inwards (Fig. 21, D). 
Five lower pairs belonging to the inferior series are separated more or 
less from one another, while four inner pairs of the superior series 
approach one another. The mode of parting of the leaf-traces from a 
gap is almost the same as that in the former case. After it has opened 
the gap broadens gradually, and in its course four lower pairs are given 
off successively. During this process, the margins curve outwards, and 
then, after the parting of the fifth pair they begin to recover. From the 
recovering margins is parted the sixth pair, which corresponds to the 
laterally projecting one. The ends of the meristele curve outwards again, 
and the seventh pair is given off, while the remaining parts are parted 
as the eighth pair, which soon trifurcates. Two pairs of medullary 
bundles are joined to two pairs of leaf-traces (Fig. 20). 

From the above statements concerning the mode of parting and the 
arrangement of the leaf-traces, the difference of this plant from most of 
the Polypodiaceae is quite clear. Though in the case with one pair of 
traces they are similar to the Polypodiaceae, in the case with two or 
more pairs, the traces are arranged in a ring in this plant, while in the 
Polypodiaceae they are in an are with the opening upwards. The 
circular arrangement of petiolar bundles in the Cyatheacean plants is 
caused by the characteristic curving of the stelar margins of the leaf- 
gaps, the tendency to which appears at the level where three or four 
pairs of leaf-traces are given off. At the same time, the laterally project- 
ing bundles appear, and this tendency becomes more pronounced higher 
up. This lateral projection begins in the bundles belonging to the 
superior series, while that of the inferior series does not appear in this 
young plant, but does appear somewhat later on. The bifurcation or 
trifurcation of the last trace after its parting begins at the gap with three 
pairs of traces. 


d. 'The Medullary Bundle 


In the basal part of the stem of the young plant, no medullary 
bundles are found. They first appear in the region 12 mm. above the 
tip, or a little below the region B. In this region, one or two small 
bundles appear in the pith independently of each other as well as other 
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bundles. Tracing the stem upwards, the number of medullary bundles 
gradually increases as is shown below : 


Region A B C D | EDT 


Number of medullary bundles 0 7 9 12 | 19 19 


Tracing the medullary bundles upwards, we find that they ascend 
through the pith, and finally fuse with the margins of the leaf-gaps. In 
details, however, their behavior differs in various parts of the stem. 

In the first place, let us consider the medullary bundles between 
the regions B and D, in which only one pair of medullary bundles is 
related to one gap. Appearing at a certain level, a bundle runs through 
the pith up to the sixth gap above the level, and here fases with the 
margin of the gap. The medullary bundles always appear in the neigh- 
bourhood of a gap, and behave in tbe same way throughout their course. 
As the phyllotaxy of this young plant is almost 2, the sixth gap belongs 
to the same orthostichy as the first. Thus, it may be said that a pair of 
medullary bundles appearing at a level fuses with the gap belonging to 
the same orthostichy. This relation is maintained throughout the stem. 
The length of a medullary bundle, therefore, depends on the distance 
between two successive leaf-gaps belonging to the same orthostichy 
(Fig. 20). Next, let us take the bundles between the regions D and F. 
They follow the same course as those of the preceding regions, but with 
the difference that, before the fusion of a bundle with the meristele, it 
bifurcates and a branch fuses with the stelar margin in the middle part 
of the gap, while the other branch fuses with the stelar margin at the 
top of the same gap. The bifurcation of medullary bundles begins with 
the pair which appears near the sixteenth gap and fuses with the twenty- 
first gap (near the region D). All of the bundles belonging to the gap 
above the latter bifurcate and fuse respectively in the same way 
(Fig. 20). 

The first eight gaps at the stem base are not connected with any 
of the medullary bundles. The first bundle appears near the fourth gap 
and fuses with the stelar margin on one side of the ninth gap, the 
second bundle appers near the fifth gap and fuses with the stelar margin 
on one side of the tenth gap, and in the gaps above the eleventh, one 
pair of medullary bundles fuses with the margin, while from the twenty- 
first gap upwards, two pairs of branches of one pair of medullary 
bundles fuse with a gap. In rare cases, a medullary bundle trifurcates, 
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and one of the resulting three branches fuses with the middle part of 
the gap, the second fuses with a part at some distance above the former, 
while the third runs up to the top of the gap, and there it fuses with 
the margin. 

The bundles maintain this course throughout the stem of this young 
plant, and it seems to be maintained in the adult plant too. The relation 
in the latter is, however, so complex that it is difficult to trace each of 
the medullary bundles throughout its entire course. 

As before mentioned, the leaf-gap becomes larger in the upper 
portion of the stem, the interval between successive gaps in the same 
orthostichy becomes greater, and the individual bundles themselves also 
become longer as in the following scale : 


| 
Region A B C D E | F 


Length of the medullary bundle M 17 35 65 90 105 
(mm.) 


The places where the medullary bundles fuse with the margins of 
the gap are constant. In the regions between B and D, where two or 
three pairs of leaf-traces are parted from a gap, it is at the very base of 
the last pair of traces that a pair of medullary bundles is combined with 
the traces. In the regions above D, there are more than four pairs of 
leaf-traces belonging to a leaf-gap, of which at least two pairs belong to 
the superior series. In these regions, a medullary bundle bifurcates be- 
fore the fusion, and one of the branches fuses with the first leaf-trace of 
the superior series, and the other with the last trace. It is of interest 
that the margin of the first gap having two pairs of leaf-traces of the 
superior series (twenty-first gap) is combined with the branches of 
medullary bundles bifurcated for the first time. In the case of trifur- 
cated medullary bundles, the middle branch fuses with one of the 
superior series. 

The case in the adult plant seems to be similar to that in this 
upper region ofthe young plant, which may be considered as a trans- 
itional region. 


e. The Root-Trace 
The mode of parting of root-traces is not so important, as it coincides 
with that of the adult plant. They are parted from the lower half of 


each gap. Of course, they are fewer in number in the lower smaller 
gap than in the upper larger one. 


Comparative Anatomy of Japanese Cyatheaceae 199 


C. HISTOLOGICAL STRUCTURE OF THE YOUNG PLANT 


The histological structure of the stem and leaves is almost the same 
as that of the adult plant, and no special statement seems neccessary. 

In short, the stem is covered with a brown hypodermal layer, and 
each meristele is enclosed by the sclerenchymatous sheath. The 
meristele itself is concentric. Of course, as the size of the stem varies 
in different parts of the stem, so the size and number of the tissue- 
elements vary in different regions. The following are some examples : 


Region A B C D E F 
Thickness of the xylem (u) 20-30 | 30-36 | 40-50 | 45-55 | 50-60 | 55-65 
Diameter of tracheids (1) 2-4 4-6 4-6 6-8 6-8 7-8 
Thickness of the sclerenchyma- n Or AQ 40-6 ; 
tous sheath (1) 20 25 30 40-50 | 40-60 | 40-65 
Diameter of pith-cells (u) 8 10 9 10-14 12 12 
Diameter of the  medullary p K - an | 20-95 "EN 
bundle (1) — 15 15 25-30 | 30-35 | 30-40 


It may now be worth while to describe the structure of the medul- 
lary bundle. At the region B, it is small and is constructed after the 
protostelie type, consisting of only a few tracheids surrounded first by 
the phloem, and then by the endodermis consisting of about twelve 
cells. Upwards, the tracheids of the xylem increase to ten or more, 
and higher up, parenchymatous cells appear within the tracheidal mass. 
In these cases, various transitional forms are seen. The lower 
end of the bundle appears independently in the pith. At the extreme 
end, the tracheids are very short and of the parenchymatous cell-form, 
though they show the typical scalariform pittings. The endodermis 
extends to the very end of the bundle. 


SUMMARY 


1. The stem of Cyathea spinulosa is erect and of uniform diameter 
throughout, though toward the lower end it tapers in a long paraboloid 
form. The size of the leaves varies according to the size of the stem. 
The roots, springing from the petiolar base, are short, only those on the 
basal part of the stem reaching the ground. The bases of the petioles 
and roots persist for a long time, and cover the stem, thus serving as a 
protective sheath. 


200 Y. Ogura 


2. The phyllotaxy changes at different levels even in one and the 
same plant. In the basal or younger part it is 2, and changes gradually 
upwards, until in the adult part it is 3, or even more advanced. The 
phyllotaxy is usually right-handed, but exceptionally may be left- 
handed. 

3. The surface of the stem is covered by a brown protective tissue, 
the outer half of which consists of thick-walled parenchyma, and the 
inner half of sclerenchymatous fibers. Both kinds are primary tissue 
and not the product of a cork-cambium. The epidermis is lost usually 
in early stage. 

4. The stele of the stem is of the normal dictyostelic type over- 
lapping three (in the young plant) to five (in the adult plant) gaps at one 
level. Each meristele is enclosed in a. brown sclerenchymatous sheath. 
Leaf-traces are given off from both stelar margins of each gap which 
curve outwards, and root-traces from both margins of the lower half of 
each gap or from the very bases of parting leaf-traces. 

5. The meristele is constructed after the normal fern-type, that is, 
the amphicribral concentric type. The xylem consists of large scalari- 
form tracheids and parenchyma, spiral or annular tracheids being 
absent. The latter form of tracheids is found, however, in the marginal 
regions of the meristele, which are about to part as leaf-traces. In the 
external part of the phloem there is a layer of the protophloem, in 
contact with which is a row of ‘mucilage cells’. The endodermis is 
distinct. 

6. The sclerenchymatous sheath entirely encloses the meristele, 
and is separated from the latter by a parenchymatous layer. The sheath 
consists of fibers, and in the transitional part between this layer and the 
parenchyma, there is a layer of small ‘ cubical cells’, whose membrane 
is thick on the sclerenchyma-side and thin on the parenchyma-side. 
The fundamental tissue is parenchymatous, and in it there are many 
'mucilage sacs’. In the pith, there are numerous medullary bundles, 
of which the larger ones are accompanied by small sclerenchymatous 
masses. The number of medullary bundles is few in the young part, 
and is numerous in the adult, forty to fifty being found in a transverse 
section. 

7. The leaf-gaps are small in the young or basal part of the stem, 
and become gradually larger upwards. A leaf-gap is long-fusiform with 
curved margins. Leaf-traces part from both stelar margins of the leaf- 
gap, usually in pairs. The parting points of the traces are further apart 
in the basal part of a leaf-gap than in the upper part, where successive 
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traces almost touch one another. The traces parted from the lower part 
of a gap belong to the ‘inferior series’, and those from the upper part to 
the ‘ superior series’. In the young plant, the parted traces are fewer in 
number, and the mode of branching is simpler. 

8. The petiole is circular or elliptical in a transverse section. 
Beneath the epidermis, there is a continuous layer of sclerenchymatous 
fibers and petiolar bundles, and a small quantity of mucilage sacs is 
found in the fundamental tissue. On the surface of the petiole and 
rachis, especially on the lower side of the petiolar base, there are hard 
conical spines, and on the lateral sides there are lines of fusiform 
grooves corresponding to lenticels. The leaves are covered with scaly 
hairs in their younger stages. 

9. The number of petiolar bundles differs considerably according 
tothe age or size of the petiole, the adult sometimes containing fifty 
strands. The arrangement of the petiolar bundles is characteristic ; 
they are disposed in a circular form almost parallel to the surface of the 
petiole, and in addition to these, two rows of bundles project inwards on 
the lateral sides, and on the upper side two or three bundles also project 
inwards. The upper half of the peripheral ring and the upper row of 
the laterally projecting series, including also the upper projecting 
strands, belong to the ‘superior series’, while the lower half of the ring 
and the lower rows of laterally projecting strands belong to the * inferior 
series". In the younger petioles, the arrangement is similar though the 
parts are simpler. 

10. Each bundle of the petiole is V-shaped, and the direction of 
these bundles is definite in both series. This is caused by the outward 
curving of the meristelic margins. 

11. On tracing the petiolar bundles upwards to the rachis, these 
separate V-shaped bundles are seen to fuse into each other gradually, 
until they form four wavy bands, of which the upper two belong to the 
superior series and the lower two to the inferior. Still higher up, two 
bands in each series are also combined so as to form two bands. Thus, 
though the bundles belonging to the superior and the inferior series are 
combined in one band in each series, both series do not fuse until the 
very end of the rachis, in which, for the first time, the two bands are 
combined into a single bundle. 

19. In the case of branching of the pinnae from the rachis, the 
pinna-traces, which are two to four in number, are formed by the con- 
striction of both series of rachis-bundles respectively. "Thus, each series 
of pinna-traces is a direct continuation of the corresponding series of 
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the rachis-bundles. The two series run through the pinna independent- 
ly, until at the very end of the pinna they fuse into one. In the branch- 
ing part of the pinna-traces, a small connective strand connects both 
series. 

13. A petiolar bundle is V-shaped in cross section, and the xylem 
is also of the same form, and in the inner angle is situated a protoxylem 
accompanied by a cavity. The phloem entirely encloses the xylem, and 
is in turn enclosed by an endodermis. On the external side of the 
endodermis there is a layer of sclerenchymatous fibers, especially deve- 
loped in the inner angle of the bundle. 

14. The lamina consists of several layers of assimilating cells. 
The foliar bundles or nerves are collateral. Stomata are found in the 
lower side. 

15. The roots often branch, and in the younger stage they are 
covered by brown root-hairs. In the cortex, a thick layer of scleren- 
chyma is found. The stele is of the normal diarch type, and in some 
cases metaxylem-elements are not well differentiated, though they have 
the tracheidal forms. 

16. The medullary bundles are of a typical protostelic or medul- 
lated protostelic type. In the latter case, parenchymatous pith witha 
cavity containing tylosis-parenchyma is found in the xylem, and usually 
two groups of the protoxylem are seen. The endodermis is distinct. 

17. The medullary bundles appear in the pith and ascend through 
the latter as far as to the basal part of the leaf-traces belonging to the 
superior series. Before the fusion, they divide into a few branches, and 
the first branch fuses with the first trace of the superior traces, the last 
branch with the last, and the intermediate branch, if present, with one 
of the intermediate traces. The upper projecting leaf-traces are direct 
continuations of the medullary bundles. The total length of a medullary 
bundle corresponds to the distance of consecutive leaf-gaps in the same 
orthostichy ; consequently, it is shorter in the younger stage and becomes 
longer in the adult. 

18. Considering all these points, the medullary bundle of this 
plant has a different origin from that of the polycyclic steles found in 
some ferns, so that the stelar type of this plant seems to be a different 
one. For the sake of convenience, this stelar type may be called a 
* Cyathean Dictyostele ”. 
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III. Alsophila Ogurae, Hayata* 


In a trip to the Bonin Islands, made in January 1925 to obtain 
material for the anatomical study of the Cyatheaceae, the writer collected, 
in addition to the well-established species, Alsophila Bongardiana and 
Cyathea spinulosa, a species of Alsophila which seemed to be new and rare. 
A part of the collection of this plant was handed over for taxonomic 
determination to Professor HAvATA, who named the plant Alsophila 
Ogurae, a new species.” 

This plant is not so abundant in the Islands as the other two 
species just referred to. The writer found it in two places on Chichi-jima 
(Father Island), one of the Islands situated in latitude 27? 5/ N. and 
longitude 142? 10' E. In one of two localities, several plants were grow- 
ing together with two other kinds of tree-ferns. This species is easily 
distinguishable by its smaller and more slender statue from the 
others. 


TE IEEE o ADAN Pinan 


The stem of the adult plant is erect and reaches 2-3 meters in 
height. The leaves are limited to the top of the stem, the older ones 
falling off from their basal attachment. Adventitious roots spring trom 
all sides of the stem and closely cover its surface and leaf-bases as well. 
Therefore, the diameter of the stem itself cannot be estimated exactly 
from the outside. Its real diameter reaches 6-7 cm. in the thickest 


specimens. 


A. STRUCTURE OF THE STEM 


The solid construction of the stem was studied by a comparison of 
its serial cross sections. It shows a typical Cyatheacean construction. 

The general outline of a cross section of the stem is circular, with a 
number of protuberances at the attachment of the petioles (Fig. 22). 


* The contents of the Part III appeared in Japanese in the Bot. Mag. Tokyo, Vol. 39, 
pp. 197-214, July 1925. 

1) Havama, B. (1925) Alsophila Ogurae, a new species of tree-fern from the Bonin 
Islands, together with notes on the Cyatheaceae found in the same group. Bot. Mag. 
Tokyo, Vol. 39, pp. 149-151. 
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The diameter measures 6-7 cm. On the outermost part there is a thin 
brown protective sheath, immediately within which is a region of white 
parenchyma. Next to the latter, there is the ring of the stelar body 
divided into several segments (Fig. 22, st), each of which is enclosed by 
a brown sclerenchymatous sheath (Fig. 22, sc). Thus, the general 
structure of the stem is similar to that of Cyathea spinulosa, and there- 
fore, the structural points different from the latter species will be chiefly 
described below. The internal structure of the stem was studied by a 
comparison of successive cross sections of a stem with a diameter of 


6-7 cm., through a length of 7 cm. 


a. The Stele 


The stele of the stem is a tubular cylinder, the wall of which is 
pertorated by many leaf-gaps. In a transverse section, there are usually 
five gaps, though four or six are occasionally found. Judging from the 
position of the gaps (Fig. 1, A-J) the phyllotaxy seems to be nearly $. 
It is, however, more eomplex. This relation coinsides with the result 
obtained by a consideration of the arrangement of the leaf-scars. It is 
to be noticed that the phyllotaxy of this plant is not constant, but differs 
considerably in different individuals as well as at different levels in the 
stem of one and the same individual. Moreover, the phyllotaxy is either 
left- or right-handed. Besides, some irregularities occur in the arrange- 
ment of the leaves; in one case, it has been ascertained that this ir- 
regularity is due to the division of one gap into two. 

The meristele is thin, and its marginal part curves outwards con- 
siderably, so that, in cross section, a narrower meristele shows a 
semicircular shape, while a broader one.has the central part curved 
outwards so as to form, as a whole, a wavy contour or a W-shape. "This 
central projection corresponds to the closed part of the lower leaf-gap 
or to the beginning of the upper gap (Fig. 22, F-I). One of the gaps 
in this material measures about 6 cm. in length. There are no gaps on 
the stelar wall other than leaf-gaps. 


b. 'The Sclerenchymatous Sheath 


The sclerenchymatous sheath is an envelope enclosing each meri- 
stele. In the marginal parts of the meristele, i. e. in the parts where 
the sheaths face the gaps, there are may small pores, through which 
leaf- and root-traces penetrate. There are no other gaps on the sheath. 
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Fig. 22. Transverse section of the stem. (nat. size) 
st, stele rt, root-trace 
sc, sclerenchymatous sheath md, medullary bundle 
lt, leaf-trace A-J, position of leaf-gaps 


e. The Leaf-Trace 


The number of leaf-traces belonging to a leaf is relatively smaller 
than in other tree-ferns, there being about thirty in a petiole of the 
largest size. They are parted from both margins of the gap, and pene- 
trating the cortex enter the petiole, in which they are arranged in a 
eharaeteristie manner. In the basal part of the petiole, the vascular 
strands in the periphery are arranged in an elliptical form ; there are 
also several strands projecting inward from the upper and lateral sides 
(Fig. 26, A). One pair on the upper side projects deeply inwards, and 
the pair nearest to the latter, situated at the median upper part, also 
projects slightly forming with the former an incurved margin. There 
are two rows of lateral strands, the upper of which consists of two or 
three pairs and the lower of one pair. 'The former constitutes with the 
upper peripheral row of strands the superior series, and the latter with 
the lower peripheral row the inferior series. 

The mode of parting of leaf-traces from the stele is similar to that 
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in Cyathea spinulosa, and they part successively from both margins of the 
leaf-gap (Figs. 23 & 24). The leaf-gap is fusiform, its broadest part being 
situated in the upper portion, and the marginal parts on both sides 
curve outwards considerably. The outward curving of the margin 
disappears at one place near the broadest part of the gap (Fig. 23, 3), 
from which part upwards, the curving occurs again, and at last it dis- 
appears with the closing of the gap. Leaf-traces parted from the upper 


side of this constriction of the marginal 
curvature belong to the superior series, and 
those from the lower side to the inferior series. 
The strands of the former series are more 
closely crowded together than those of the 
latter. Some traces branch in the cortex or in 
the petiole. Usually, three or four pairs of 
traces at the upper arc, exclusive of the 
deeply projecting pair, are parted as one pair 
of band-like traces (Fig. 23, 5-6). The deeply 
projecting pair of the upper arc is the direct 
continuation of a medullary bundle with no 
connection to the stelar ring. 


d. The Root-Trace 


Root-traces part from both sides of leaf- 
gaps, and penetrating the cortex obliquely 
downwards, leave the stem. The parting 
portions are limited to the lower half of each 
gap, and the traces part directly from the stelar 
margins or from the bases of leaf-traces already 
parted from the margins. 


e. The Medullary Bundle 


The number of medullary bundles in a 
transverse section of a stem is about forty-five, 
nearly half of which are accompanied by 
brown sclerenchymatous sheaths. Some 
sheaths enclose each bundle completely in a 
continuous ring, but some in an incomplete 
arc-form. 

Though the course of the medullary 


bundles is not so complicated as in Cyathea | 


Fig. 23. A series of cross 
sections through a leaf-gap 
to show the mode of part- 
ing of leaf-traces and the 
course of the medullary 
bundles. (nat. size) 


Explanations in text. 
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spinulosa, yet the tracing of their complete course is difficult, so that only 
the essential points will be described here. 

In each gap there is only a single pair of medullary bundles. 
Ascending the stem, it passes through the pith to a gap, and penetrating 
the sheath of the meristele, attaches itself to the latter. Just before this 
fusion, each bundle bifurcates into two (Fig. 23, 1-3). The dividing 
part and the course of the branches differ slightly according to the 
different gaps. Usually, it is where the superior series of leaf-traces is 
branching that the medullary buudle approaches the margin of the 
meristele. The bundle fuses with the stele at the curved part somewhat 
apart from the extreme margin. The fused bundle remains, at first, as 
a protuberance on the surface of the meristele (Fig. 28, 4). When the 
bundle penetrates the sheath of the stele, the sheath of the former fuses 
with that of the latter. The bifurcation of 
the medullary bundle occurs near this 
region. In this case, the enclosing sheath 
of the bundle constricts between the 
branches, and the outer half surrounds 
the outer’ branch completely (Fig. 23, 4— 
5). The outer branch runs obliquely, and 
entering the petiole becomes a petiolar 
strand projecting inward from the upper 
side. 'lhe other branch fuses with the 
curved part of the meristele in the manner 
just stated, and the marginal part of the 
meristele including the part of fusion is 
NT parted, in one piece, as a short band or are 

Fig. 24. Reconstruction of a (Fig. 23, 5), which is soon divided into 
imp pe "UM or depen Cont three or four -leaf-traces (Fig. 23,. 6) 
of the medullary UTE qon ) situated in the median upper part of the 

petiole. Out of these three or four, the 
innermost, that is the pair slightly projecting inward at the median part, 
is derived from the process .formed: by the fusion of the medullary 
bundle, that is to say, it is a continuation of one branch of the medullary 
bundle. Thus, two branches of a medullary bundle proceed upwards to 
be the median upper and the internally projecting pairs, i. e. the last 
two pairs of the superior series of petiolar bundles, of which the last 
pair is the direct continuation of the medullary bundle having no con- 
nection with the meristele. ; 

The division of the medullary Da occurs also after it fases with 
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the meristele. In this case, the bundle unites with the latter to form a 
protuberance, the outer part of 
which is constricted off and runs 


to the petiole as a leaf-trace. at 
Tracing the medullary bun- G 
dles downwards, we find they run \ 

through the pith vertically and 

end blindly, but they are so long 

and numerous that their whole 

course cannot be traced with ex- 

actness. They often branch or 

fuse into each other, but they never Y ( 
fuse with the stelar wall itself. S 
The bundles which appear in the 
pith are small and are not accom- 
panied by — sclerenchymatous 
sheaths. The latter will gradu- 
ally appear at a part of the stem 
somewhat higher, and finally 
enclose each of the bundles 


Oo aas 


completely. 
No cortical bundles are Fig. 25. Longitudinal section of the 
found. top of a stem. (x#) 


B. STRUCTURE OF THE LEAF 


The size of the leaf differs considerably, the largest measuring 2.5— 
9.0 meters in length. The petiole is rather long, usually occupying half 
of the whole length of the leaf. The frond is tripinnate. 


a. The Petiole 


The petiole occupies nearly half of the leaf-axis and is thicker at 
the base, gradually tapering toward the rachis. 

A cross section of the petiolar base is semicircular in form, the 
upper side somewhat flattened, and has a transverse diameter of 3 em. 
Toward the top the petiole becomes smaller and elliptical in section, and 
at the upper end of the petiole it reaches 2-1.5 cm. in transverse diameter 
(Fig. 26). The whole surface is dark glossy purple, and is provided 
with numerous small processes, especially abundant on the lower side. 
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Scales often remain on the basal part of the petiole, and are borne on 
small processes on the surface. On each side of the petiole there is a 
lineal series of lenticels. 

The number and arrangement of vascular strands in the petiole 
differ in different parts of one and the same petiole and also in different 
individuals. Now, we shall consider a petiole with the transverse 
diameter of 2 cm. in its basal part. At the base of the petiole, there 
are about thirteen pairs of strands showing a characteristic arrangement 
(Fig. 26, A). Seven pairs of superior strands are arranged in a ¥7-form, 
of which the upper three or four pairs are almost parallel to the surface 
of the petiole, the median pair, together with the one situated deeply 
inward, form the shorter arm of the 7, and 
the lateral two or three pairs, projecting 
toward the center, form the longer arm of 
the 
seven pairs, most of which are arranged in 


7. The inferior series consists of six or 
an are parallel to the lower side of the 
petiole, and a pair on the lateral sides pro- 
jects somewhat internally. Thus, the su- 
perior series is not arranged in an are at 
the upper side, but is curved. This latter 
pr i form is different from the arrangement of 
A Re A ER tons the strands in the adult petioles of Cyathea 
aaah E spinulosa, but similar to that found in the 

A, Base of the petiole : e ES i 

B, Top of the petiole - young petioles of that species. It may be 

i TP gh eines assumed that this type of arrangement is 
more primitive than that of Cyathea spinulosa. 

The transverse section of each bundle is semicircular at one side 
slightly flattened, showing a tendency to form a V-shape. Its xylem 
is V- or U-shape and the orientation is constant in each series respectively. 
This is due to the mode of constriction of the outward curving of the 
stelar margins, just as described in Cyathea spinulosa. 

Tracing the petiolar bundles upwards, we find that the separate 
strands unite gradually, but this fusion is not accomplished within the 
petiole. In some. cases, at the upper part of the petiole, the superior 
series is connected to form a pair in a wavy system (Fig. 26, D). 


b. The Rachis 


The rachis, the continuation of the petiole forming the axis of the 
s c : E X m 
frond, tapers toward the end, and on each side pinnae are borne. The 
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whole surface is dark purple and is covered with fine hairs, especially 
on the upper side. Vascular strands gradually unite with each other 
while proceeding upwards. The fusion of strands occurs in the petiole, 
and becomes prominent within the rachis. Usually, the strands at the 
superior series unite earlier than those of the inferior. In the first 
place, the superior series forms two continuous Y7-formed bands, the 
longer arms of which soon elongate until both ends fuse into each other, 
so as to form a V-shaped band (Fig. 26, B-C). Meanwhile, the strands 
of the inferior series also fuse side by side, but in the median line they 
are separated, thus forming two auricle-shaped ares (Fig. 26, C). The 
formation of these three bands, one upper and two lower, occurs usually 
at the middle part of the rachis (Fig. 26, C). Each of these bands is 
of a wavy form. Higher up, the inferior bands are also fused into one. 
Then, two bands are arranged parallel to each other, finally fusing into 
one at the very end of the rachis. 


c. 'The Pinna-Axis 


A pinna-axis, branching from the rachis, is similar to the upper part 
of the rachis in its external and internal features. In respect of the 
vascular system, a few pinna-axes at the basal part of the rachis have 
four bands. Tracing an axis upwards, we find that two upper strands 
fuse into a V-shape, and then two lower ones fuse together into a single 
band. 

The mode of branching of the pinna-traces from the rachis-bundles 
is of the so-called extra-marginal type. On approaching the branching 
part, the eorners of both series of rachis-bundles project, the upper 
series usually preceding the lower, and the two projecting parts are 
constricted off, both in the form of a ring. Then, these two rings 
approach and connect, for a short time, in the form of the figure 8, but 
soon separate, and are then divided into two to four along the median 
line. 


C. STRUCTURE OF THE Root 


Roots, which are adventitious in their origin, cover the stem on ail 
sides, though most of them do not reach the ground. Their length 
varies greatly. Root-traces part from the lower half of the gap at the 
marginal part of the meristeles or from the bases of leaf-traces just 
parted. They run obliquely through the cortex and enter the roots. 
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D. HISTOLOGICAL STRUCTURE OF THE STEM 


a. 'The Epidermis and the Cortex 


r 

The epidermal layer and the outer part of the cortex fall off early. 
The external part of the stem is covered with a brown sheath, the hypo- 
dermal layer. The outer part between the external surface and the 
stele reaches 6-8 mm. in thickness, of which about 2 mm. belongs to the 
hypodermal sheath. This sheath consists of two kinds of tissue, the outer 
thick-walled parenchyma and the inner sclerenchyma. The sclerenchy- 
matous sheath which encloses the meristele is composed of fibers. The 
cortical part between this sheath and the hypodermis (2-5 mm. in thick- 
ness) and that between the sheath and the stele (1-2 mm. in thickness) 
is of white parenchyma, within which are enclosed numerous longitudi- 
nally elongated mucilage sacs. The boundary between the parenchyma 
and the sclerenchyma is sharply defined, a layer of cubical cells being 
found between them as a rule. 


b. The Stele 


The stele of the stem is dictyostelic with an average diameter of 6-7 
cm. Each meristele, 1-1.5 mm. in thickness, consists of a normal con- 
centric bundle enclosed in an endodermal layer. The endodermis is 
distinct showing the characteristic Caspary’s points, and encloses the 
phloem-layer with two or three 
layers of pericylie cells inter- 
vening. ‘The phloem is a rela- 
tively thin layer, on the inner 
side of which are situated one 
or two layers of sieve-tubes. 
On the external side, separated 

from the latter by one or two 
EN layers of phloem-parenchyma, 
HR there are one or two layers of 
peculiar cells. In à transverse 
Fig, 27. Transverse and longitudinal ^ section they are elongated tan- 


sections of the phloem-portion of the stem gentially, while in a radial 
stele. (magnified ) 


RUTAS OTRO section POUND they are almost circular 
B, Longitudinal section (Fig. 27, tc). They may be 


CAU C tee lanaentia) celle called “tangentially elongated 
per, pericycle st, sleve-tubes : 


pp, protophloem tr, tracheids cells”, or briefly “tangential 
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cells”. The presence of such cells was recorded by ZenErr1? in the 
Osmundaceae under the name “ Quergestreckte Zellen". On the 
external side of this layer an irregular layer of the protophloem is 
present. The xylem is thin, consisting of ten or more layers of scalari- 
form tracheids. 


c. The Pith and the Medullary Bundle 


The pith is nearly circular. Separated a little from the stelar ring, 
on the inner side of the latter there is a brown sclerenchymatous sheath, 
which is the continuation of the same tissue on the outer side of the 
stelar ring. Exclusive of these sheaths, most of the medullary tissue 
consists of white parenchyma, within which mucilage sacs, simliar to 
those in the cortex, are embedded. 

A characteristic feature in the pith is the presence of the medullary 
bundles. They are variable in size, and are almost circular in transverse 
section, though some of an elliptical outline are seen, especially among 
those near the gap. A larger bundle accompanies the sclerenchymatous 
sheath as an are or a continuous ring. This sheath consists of short 
fibers corresponding to those on the meristele. The stele of the bundle 
is of a protostelic type, and is enclosed in an endodermal layer. On 
the external side of the phloem, a distinct layer of the protophloem is 
present, but no tangential cells are found. The xylem occupies the 
central part and consists of a small mass of a few tracheids in a smaller 
bundle, or of a ring of tracheids with parenchymatous pith in a larger 
one. In the former case, in the center of the tracheidal mass, and in 
the latter, in the inner side of the tracheidal ring, there are one or two 
groups of the smallest tracheids or protoxylems, which show clearly an 
endarch structure. Even in the largest bundles, no central cavity is 
found. 


d. The Leaf-Gap and the Leaf-Trace 


The petiolar base remains for a long while after the foliage has been 
shed, but falls off afterwards as the effect of the formation of an absciss- 
layer, or a diaphragm, on the level of the stem surface. The hard 
peripheral layer and vascular strands of the petiolar base persist for a 
while. 


1) ZrNETTI, P. (1895) Das Leitungssystem im Stamm von Osmunda regalis, L. und 
dessen Übergang in dem Blattstiel. Bot. Zeit., Jg. 53. ` 
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When the leaf-traces parted from the meristele are situated within 
the stem, they are circular or semicircular in their outline as in the case 
of the strands in the petiole, but the xylem within the trace consists of 
tracheids arranged in a V- or U-shape. In the inner corner of the V- 
or U-shaped xylem, there is a mass of the protoxylem with no cavity in 
front of it. The phloem encloses the xylem, and in the inner side of 
the latter, it expands broadly occupying nearly the whole internal 
groove. Consequently, the endodermal layer does not follow the outline 
of the internal groove of the xylem, but takes a semicircular or circular 
shape instead of a V-shape. The central groove of a trace and the 
accompanying protoxylem appear on the meristelie margin, when the 
latter is about to part from the meristele as a leaf-trace. The mode of 
formation of leaf-traces is similar to that in Cyathea spinulosa. An 
internal groove of the xylem at the marginal part of the meristele 
divides into two, the outer of which becomes the groove of the xylem of 
the parting trace, and the inner serves in turn as that of the next trace, 
but bifurcates before parting. In a trace connected with a medullary 
bundle, the central groove of the xylem is derived from the pith of the 
latter. In a trace having a direct connection with a medullary bundle, 
the groove is derived from the pith of the latter, by the opening of the 
tracheidal ring at one side. 

Root-traces parted from the meristele are protostelic, consisting of a 
large number of tracheids, which diminish gradually, however, until 
a few remain arranged in a diarch form when they leave the stem. This 
relation is similar to that in Cyathea spinulosa. 


E. HISTOLOGICAL STRUCTURE OF THE LEAF AND THE Roor 


The petiole and rachis are almost the same in their histological 
structure. The epidermis is a layer consisting of small rectangular 
cells. Under the epidermis is a layer of the hypodermis, ten or more 
cells thick. This layer consists of two kinds of tissue, i. e. the outer 
parenchymatous and the inner fibrous. The walls of both are rather 
thick and serve as a mechanical tissue; those of the outer part being 
dark brown, while those of the inner part being almost colourless. 
Spines on the petiolar surface consist of thick-walled parenchymatous 
cells. Lenticels on the lateral sides extend into the inner tissue through 
the hypodermis. 

A vascular bundle in the basal part of the petiole is circular or 
semicircular in transverse section, and has the same structure as that of 
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the leaf-trace. The xylem shows a V- or U-shape, in the inner corner of 
which is situated the protoxylem with a large cavity in front of it. This 
cavity appears after the trace has passed into the petiole. The phloem 
encloses the xylem on all sides, and expands between the arms of the 
latter. The protophloem is situated on the periphery of the phloem 
and is separated by two or three layers of pericyclic cells from the 
endodermal layer, but between the two arms of the xylem the proto- 
phloem is not so distinct. No peculiar tangential cells are found. Out- 
side the endodermis, there is a fibrous layer, which is developed 
especially on the inner side of the V-shaped bundle. 

A wavy strand in the rachis is similar in its essential structure to 
the separate strands. 

Scales found in the younger leaves are of the normal fern-type, and 
are inserted on the small processes, which are prominent at the basal 
part of the petiole. Some scales persist for a long time, especially those 
on the basal part of the petiole. In the rachis, especially on the upper 
surface, there are filiform multicellular hairs. 

The pinnules are of the normal] fern-type, and the epidermis con- 
sists of wavy cells, with the stomata on the lower side. 

The epidermis of the root is lost usually, but dried root-hairs often 
remain on the surface. The cortex is a thick brown layer consisting of 
the outer parenchymatous and inner sclerenchymatous tissues. The 
central cylinder has a diarch xylem. 


Il. THr YOUNG PLANT 


In order to follow the ontogenetical development of the complex 
structure of the adult plant, i.e. the size and mutual position of leaf- 
gaps, the number and arrangement of leaf-traces, the origin and course 
of medullary bundles etc., young plants were studied. In a young 
form of this species, the lower tapering conical tip of the stem, which 
is embedded in the ground, as well as the portion of the stem near the 
ground, is covered with numerous roots. Serial cross sections of one 
young plant were made for the study of the solid construction of the 
stelar system (Fig. 28). 


A. Cross SECTIONS OF THE STEM 


Serial sections of a stem for the length of 12 cm. from the lower tip, 
including forty-one leaf-gaps, were made. The size of the stem as well 
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as that of the vascular ring differs considerably in different parts of the 
stem. Therefore, the structure of the stem in cross sections in several 
regions will now be described. — 

Region A (the lower tip; diameter 7 mm.; Fig. 28, A). The 
lowest tip of the stem is usually decayed, and the internal structure is 
not intact. The region where the structure is preserved is some distance 
from the very tip, and has a diameter of about 7 mm. A transverse 
section of this region is of triangular form with rounded corners. The 
stelar ring is also triangular, its sides being parallel to the stem surface. 
It has a diameter of 3-4 mm., and in the corners there are three inter- 
ruptions or leaf-gaps, each of which gives off one pair of leaf-traces. A 
sclerenchymatous sheath encloses each meristele incompletely. No 
medullary bundles are found. 

Region B (4 mm. from the tip; diameter 11 mm.; Fig. 28, B). The 
outline of a transverse section of this region is also triangular, and has 
a diameter of 11mm. The stelar ring is also triangular with a diameter 
of 7mm. In each corner of the latter there is a gap with two pairs of 
leaf-traces. A sclerenchymatous sheath encloses each meristele com- 
pletely. Four medullary bundles are found. 

Region C (10 mm. from the tip; diameter 13 mm., Fig. 28,C). The 
outline of the stem in this region is also triangular with a diameter of 
13 mm., while the diameter of the stelar ring reaches 8 mm. There are 
three leaf-gaps in a transverse section, to each of which two or three 
pairs of leaf-traces belong. The margins of the gap show signs of out- 
ward curving. There are seven medullary bundles. 

Region D (30 mm. from the tip; diameter 22 mm.; Fig. 28, D). The 
outline of the stem in this region is an irregular triangle with a diameter 
of 22mm. The stelar ring, having a diameter of 15 mm., is divided 
into three or four segments, the margins of which curve outwards and 
are characterized by the parting of three or four pairs of leaf-traces. 
Medullary bundles are twelve in nuniber, those near the gaps being 
accompanied by sclerenchymatous sheaths. 

Region E (60 mm. from the tip; diameter 35 mm.; Fig. 28, E). The 
outline of this region is triangular with a diameter of 35mm. The 
stelar ring, with a diameter of 25 mm., has four leaf-gaps, to each of 
which four or five pairs of leaf-traces belong. The curving of the 
stelar margins is very prominent. Medullary bundles reach twenty-one 
in number, half of which are accompanied by sclerenchymatous 
sheaths. 

Region F (110 mm. from the tip; diameter 40 mm.; Fig. 28, F). 
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The outline of the stem in this region is an irregular circle about 40 mm. 
in diameter. The stelar ring, having an average diameter of 26 mm., 
has five gaps, and five or six pairs of leaf-traces are parted from each of 
them. The outward curving of the stelar margins and the parting of 
the last trace in a band-form exhibit the characteristic features of the 
adult plant. Medullary bundles are twenty-eight in number, most of 


which are accompanied by sclerenchymatous sheaths. 


B. SoLIıD CONSTRUCTION OF THE STEM 
By comparing successive cross sections of the stem, the following 
points were studied. 
a. The Stele 


The stele is, broadly speaking, a cylindrical tube broadening up- 
wards, on the wall of which numerous leaf-gaps are present. The 
diameters of the stem and of the stelar ring in six regions are as follows: 


| 
Region A B C D E F 
Distance from the tip (mm.) - 4 10 30 SO) 8 
Diameter of the stem (mm.) 7 ff 13 20 35 40 | 
Diameter of the stele (mum.) 3 7 8 15 25 26 


The rate of increase of the diameters of the stem and the stele is 
greatest in the lower part, and diminishes gradually upwards, so that, if 
we express the increase of the diameter of the stele by a graph, 1t is 
represented by a parabolic curve. In this plant, the diagrammatic out- 
line of the stele may be represented by the curve y’=px, where p=15 
(Fig. 28). 


b. The Leaf-Gap 


In the region A, there are two leaf-gaps. The writer traced upwards 
as many as forby-one gaps, and was ableto ascertain their relative posi- 
tions and lengths. 

The length of the gap increases from below upwards almost in 
proportion with the stem diameter, as is shown in the following : 
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Region A B C D E F 


Length of the leaf-gap (mm. ) 2 4 9 13 15 18 


Naturally, the phyllotaxy must accord with the position of the 
petioles seen externally. In this plant, after the leaves have been shed, 
the petiolar bases are left on the stem surface, their structure being 
preserved. The phyllotaxy is not the same throughout the stem, but 


changes gradually ; in the basal part it is nearly 2, but it changes up- 


9 


Fig. 28. Developing figure of the stele of a young plant to show the 
arrangement of leaf-gaps (1-41), the mode of parting of leaf-traces (small 
circles) and the origin and course of the medullary bundles (dotted lines). 
A-F show six regions referred to in text. (nat. size) 
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wards, and near the region E, it becomes midway between 2 and 3, and 
in the region F, it further approaches 3, or the adult form. 


c. The Leaf-Trace 


The number and the mode of parting of leaf-traces differ consider- 
ably aecording to the different levels or to the diameter of the stem. 
As a matter of fact, the leaf-traces at lower levels are less in number 
and simpler in arrangement, while at the upper part they become 
numerous, more complex and irregular, as they branch in their course 
through the cortex. In this way, the number of parting leaf-traces 
and that of petiolar strands do not coincide, as will be seen in the 
following table : 


Region A B € D E F 
Diameter of the petiole (mm.) 2 4 6 10 14 18 
Number of leaf-traces (in pairs) 1l 2 2-3 3-4 4-5 5-6 
Number of petiolar strands (in 


pairs) 1 2 3 4-5 5-6 7-8 


The mode of parting of leaf-traces is almost similar to that in 
Cyathea spinulosa. In a petiole having one pair of traces, the stelar 
margins at the leaf-gap elongate, and small strands are parted. Ina 
petiole having two pairs of strands, they are parted from the margins in 
the same manner, and are arranged in the petiole in a circular form, 
separated from each other by equal intervals. In the case of three or 
four pairs of traces, the last pair becomes band-shaped by fusion with a 
medullary bundle, but it is divided into two as soon: as itis parted from 
the meristele, so that in the petiole four òr five pairs of strands are pre- 
sent. With five or six pairs of traces, a band-shaped final trace becomes 
more prominent, and is usually trifurcated after parting, seven or eigbt 
pairs of strands thus being present in the petiole. In the latter case, a 
pair which is the last but one and is parted just above the constriction 
of the marginal curving, is situated in the petiole somewhat inside the 
ring of other strands, corresponding to the laterally projecting one of the 
superior series. The tendency to this lateral projection begins earlier in 
the 22nd. gap, and gradually becomes prominent, and in the gap with 
eight or nine pairs of traces, the upper median pair also projects some- 
what inwards. 
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d. The Medullary Bundle 


In the basal part of the stem no medullary bundles are. found. 
Somewhat higher up, a few strands appear, and their number, increases 
gradually upwards. Meanwhile, the length of the individual strands 
increases also, as the following table shows (see also Fig. 28) : | 


Region A B C D E | F 
Number of the medullary bundle 0 4 il 12 2L 28 
Length of the medullary bundle (mm.) — 3 7 15 20) 38 


The origin and the course of the medullary bundles are somewhat 
different in different parts of the stem. The first bundle that appears in 
the pith is the one belonging to the 5th. gap. This gap has two ‘pairs. of 
leaf-traces, and after the parting of the lower pair, the inner side of both 
meristelic margins thickens internally, and that part is constricted. off 
from the meristele. The parted strand runs through the pith up to the 
basal part of the second leaf-trace. In other words, in the 5th. gap, a 
pair of medullary bundles originates as an internal thickening of the 
meristele and terminates at the basal part of the last pair of leaf-traces 
in the same gap. In the 6th. and following gaps, there is: à pair of 
medullary bundles. In the 6th. gap, one of the bundles originates as 
an internal thickening of the stelar ring just as described, while the 
other appears independently within the pith itself, nearly at the same 
\evel as the former. Both strands ascend through the pith and unite 
with the meristele at the bases of the last pair of leaf-traces. In the 
7th. gap, one bundle originates as an internal thickening and the other 
as an independent formation, and both strands terminate at the bases 
of the second pair of traces. In the 8th. gap, this relation is similar to 
the 5th., both bundles originating as the internal thickening of the stelar 
ring and terminating at the upper part of the gap. The 9th. gap shows 
both kinds of origin. It must be noted here that, the strand having the 
independent origin appears below the corresponding gap, so:that the 
former becomes longer than the latter. A pair of medullary’ bundles 
belonging to the 10th. and 11th. gaps originates as the internal 
projection ofthe stelar ring. In the 12th. gap, both bundles arise 
independently far below the corresponding gap, and terminate at the 
base of the last pair of traces. In the following gaps, a pair of. medul- 
lary bundles originates in the pith independently,-at a level far below 
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the bottom of the corresponding gap, and the upper ends fuse with the 
bases of the last pair of leaf-traces of the same gap, so that the whole 
length of the strand becomes far longer than that of the gap. At last, 
the lower end of the strand belonging to a leaf-gap is situated near the 
lower gap in the same orthostichy. In other words, as the phyllotaxy 
of this plant is 2 to 3, if we trace a medullary bundle which belongs to 
a leaf-gap downwards, we find that it continues to the lower sixth to 
ninth gaps, where it ends blindly. Moreover, as higher in the stem the 
length of the gap and the mutual intervals between gaps become the 
greater, so also the length of the individual strands becomes prominent 
as shown above. 

In the lower half of this young plant, the last pair of leaf-traces, 
which connects with a medullary bundle, is parted in a band-form, 
which is soon divided into two or three, the innermost of which is the 
one connected with the medullary bundle. In the upper part of the 
stem, another change occurs. In the region F, a medullary bundle 
bifureates near the bottom of the gap, and the two branches ascend 
together, but just below the top of the gap, these two fuse into one, 
which in turn soon fuses with the meristele at the base of the last leaf- 
trace. The fused part of the stelar margin is parted as a band-shaped 
trace, which is divided into three. The bifurcation of the medullary 
bundle begins on one side of the 26th. gap, and in the subsequent gaps 
it occurs in both bundles regularly. This feature is maintained in the 
adult plant, though in the latter a medullary bundle bifureates again 
before the fusion with the stelar ring, as mentioned above. 

The above account describes the normal course of the medullary 
bundles, but in fact, some irregularities are met with. For example, in 
some upper parts, there occur two kinds of origin (16th. gap), or a single 
bundle: appears and is bifurcated so as to form a pair (15th. and 22nd. 
gaps), or a connective strand is present, and connects both bundles in the 
same gap (5th. and Sth. gaps). 

As mentioned above, the course of the medullary bundles is sim- 
pler than in Cyathea spinulosa, but the occurrence of two kinds of origin 
is the most important and interesting point in the anatomy of this plant 
as well as of the Cyatheaceae. In Cyathea spinulosa, all of the medullary 
bundles originate in the pith independently, even in the young stage, 
while in this species, though most of the bundles show the same origin 
as in Cyathea, there is another mode of origin in the younger stage, that 
is, the formation by the internal projection of the stelar ring, as in the 
polycyclic steles found in some Polypodiaceae and Marattiaceae. In 
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both kinds of origin, the latter type — by internal projection — may be 
primitive, as it is found in the basal or younger part, so that it may be 
suggested that the former type — the independent formation — which is 
the characteristic feature of the Cyatheacean stem, has been derived from 
the latter type. 


SUMMARY 


1. The stem of Alsophila Ogurae is erect, tapering toward the 
lower tip and broadening upwards. In the full-grown plant, it reaches 
a diameter of 6—7 cm., and a height of 2-3 m. The leaves are smaller in 
the young lower part and larger in the adult upper part. Their bases 
closely cover all sides of the stem, but older leaves are shed from their 
bases. Roots, closely grown, in turn cover the stem and leaf-bases. 


9 


2. The phyllotaxy is ? in the younger part, but changes gradually 
upwards, until it becomes nearly 3 in the adult part. It may be either 
left- or right-handed. 

3. The epidermis and the outer part of the cortex peel off early, and 
the brown protective sheath, the outer part of which consists of paren- 
chyma and the inner of sclerenchyma, is exposed on the surface of 
the stem. 

4. The stele of the stem is of the dictyostelic type, two or three 
gaps in a young plant, and five or six gaps in an adult overlapping in a 
cross section. The margin of the meristele at the leaf-gap curves out- 
wards. Each meristele is enclosed in a brown sclerenchymatous sheath. 

5. Histological structure of the meristele is of the normal fern- 
type, that is, it is constructed in an amphicribral concentric type. The 
xylem consists of scalariform tracheids and xylem-parenchyma, and the 
phloem consists of sieve-tubes and phloem-parenchyma, on the outer 
part of which is a layer of ‘tangential cells’. The endodermis is 
distinct. 

6. The sclerenchymatous sheath, which encloses each meristele, is 
composed of long sclerenchymatous fibers, and in the transitional part 
between the sheath and the fundamental tissue, there is a layer of cubical 
cells. In the fundamental tissue there are mucilage sacs, and in the 
pith there are medullary bundles, of which the larger one is enclosed 
in a-brown sclerenchymatous sheath. The number of the medullary 
bundles is smaller in the young part, and becomes numerous in the 
adult, until it reaches more than forty-five in a cross section. 

7. Leaf-gaps are small in the young part, and gradually become 
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larger upwards. They are fusiform, both stelar margins at the gap 
curving outwards, and from the margins of both sides successive leaf- 
traces are parted. The curving of the stelar margins disappears or 
recovers once near the upper part of the gap. Leaf-traces parted from 
above and below this recovering region belong to the superior and 
inferior series respectively. This recovering or constriction of the gap- 
contour begins in the gap with five or six pairs of leaf-traces. 

8. The transverse section of a petiole has a circular or elliptical 
outline. On the surface, which is dark brown, numerous small spines 
are found.  Lenticels are arranged in one row on each side. Scales and 
fine hairs are abundant in the younger stages, but most of them fall off 
with the expansion of the foliage. Beneath the epidermis there is a 
hypodermal layer, and in the fundamental tissue mucilage sacs are 
embedded. 

9. The number and arrangement of vascular strands in the petiole 
differ considerably in the adult and in the young plants. In the adult, 
they reach thirty or more in number, most of them being arranged in an 
elliptical form ; also on the upper and lateral sides a few strands are 
found projecting inward. Marked by this lateral projection, they can 
be designated as the superior and inferior series. In the younger 
petiole, the strands are few in number and simpler in arrangement. 

10. A cross section of a strand of the petiole is semicircular, and 
each bundle shows a definite orientation in each series respectively. 
This is caused by the curving of the stelar margins at the leaf-gap. 

11. In the rachis, vascular strands are connected in à wavy form 
gradually towards the end; in its middle part they make four bands, 
which are united into three and then into two. Thus, the superior and 
inferior series are independent throughout the length of the petiole and 
rachis. 

12. Pinna-axes, sprung from the rachis, and second pinna-axes, 
from the pinna-axis, are similar in their structure to the terminal part 
of the rachis. In the branching of pinna-traces from the rachis-bun- 
dles, the superior and inferior series of the lattcr continue to the corre- 
sponding series of the former, though a small connective strand connects 
both series in their branching region. 

13. The xylem of a petiolar bundle is of an U- or V-shape, in the 
inner central corner of which there is a protoxylem accompanying a 
cavity. The cavity is not found in the leaf-trace, but is formed when the 
trace enters the petiole. The pholem entirely encloses the xylem. The 
endodermis is distinct, directly enclosed in a thin sclerenehymatous layer. 
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14. The lamina consists of several layers of assimilating cells, 
stomata being found only on the lower surface. 

15. Hoot-traces are parted from both sides of the lower half of the 
leaf-gap. The vascular system of the root is of the normal diarch type, 
and is enclosed in a thick sclerenchymatous tissue. 

16. The medullary bundle is of the protostelic type in its structure, 
but the larger one encloses a small parenchymatous pith. The endo- 
dermis is distinct. 

17. A pair of medullary bundles belongs to each gap, and their upper 
ends fuse with the stelar margin at the bases of the last pair of leaf-traces. 
Though the bundle bifurcates in its course, two branches are fused again 
near the end, but a branch is given off near the end and enters the 
petiole directly. The length of a medullary bundle corresponds to the 
distance of the neighbouring two gaps belonging to the same orthostichy. 

18. Medullary bundles are of two kinds of origin; the one origi- 
nates as a small internal projection of the stelar ring, which is soon 
separated in the pith, while the other is formed independently in the 
pith. The former is found only in the basal or younger part, and may 
be regarded as a primitive type compared with the latter type of origin. 

19. The stele ef Alsophila Ogurae, like that of Cyathea spinulosa, is 
à ‘Cyathean dictyostele’, but its construction is simpler than that of 
the latter. If we accept the theory of recapitulation, it may be assumed, 
from the origin and course of the medullary bundles in the younger 
portions, that the Cyathean dictyostele might have been derived from a 
kind of the polycylie dictyostelic type and developed in a different 
direction from the normal polycycly and dictyostely. 
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IV. Alsophila acaulis, Mak.* 


Alsophila acaulis Max., a fern belonging to the Cyatheaceae, was 
first described by Mr. T. Maxıxo”. One of the important characters of 
this species consists in its having a creeping rhizome instead of an 
erect stem. As the name tree-ferns indicates, most of the Cyatheaceae 
have erect stems, and the creeping habit of this species is a very rare 
exception. In order to make an anatomical study of this plant, the 
writer collected material in July 1925, at Yatsuka-mura, Hata-góri, 
Kochi-prefecture, situated 133* E. and 33° N. 

The creeping rhizome of the plant lies underground wholly or in 
part. The leaves, reaching the length of 1.5,m. are borne on the apical 
portion of the rhizome, so that the plant resembles a Polypodiacean 
fern. Neverthless, the study of the internal structure of the rhizome 
and leaves, as well as its sporangial characters has conclusively es- 
tablished its Cyatheacean affinity. 


A. EXTERNAL FEATURES AND INTERNAL STRUCTURE 


OF THE STEM 


The surface of the stem or creeping rhizome is covered by the 
bases of petioles and roots. In creeping rhizomes of the Polypodiaceae, 
the leaves grow upwards and the roots downwards, so that the general 
appearance is dorsiventral, but the morphological position of their bases 
are not at all dorsiventral, but radial; the leaves which start from the 
ventral side of the rhizome turn upwards in process of growth, curving 
along the latera] side of the rhizome, and the roots do the same”. This 
relative position of the appendages in the Polypodiaceae holds good of 
this plant also; the leaves and roots are borne radially all around the 
rhizome in spite of their seemingly dorsiventral habit. A rhizome 
usually reaches the length of 30 cm., and tapers toward the basal end, 
i.e. the older part, and its diameter scarcely ever exceeds 3 cm. Living 
leaves are limited to the top of the rhizome; older ones are shed, leaving 


* The contents of the Part IV appeared in Japanese in the Bot. Mag. Tokyo, Vol. 
30, pp. 329-343, Nov. 1925. 


1) Maxno, T. (1914) Observations on the Flora of Japan. Bot. Mag. Tokyo, Vol. 
28, p. 335. 


2) Ocuna, Y. (1921) On the gaps of the stele in some Polypodiaceae. Bot. Mag. 
Tokyo, Vol. 35, pp. 113-125. ` 
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their basal parts on the 
rhizome (Fig. 29)  'The 
phyllotaxy, judging from 
the remains of the basal 
parts of the leaves, is 2 at 
the base, and is inter- 
mediate between 3 and ? at 
the top. 


a. Cross Sections 


_ Fig. 29. Photograph of a rhizome showing ok itho aotem 
its dorsiventral appearance. (x 4) They euctüradbethe 
stem in cross section differs somewhat in different parts, but the con- 
structive principle is almost the same, that is, the stem is constructed 
according to the Cyatheacean type. The stem in cross section is almost 
triangular, a feature which is due to the attachment of the bases of 
petioles, and its peripheral part is covered by a thin brown sheath (Fig. 
30). The stelar ring runs parallel to the outline of the stem, and is 
interrupted by two to four gaps, the margins of the meristeles at the 
gap stretching outwards considerably (Fig. 30, st). The meristele is 
enclosed in a thin brown sclerenchymatous sheath (Fig. 30, sc). In the 
pith, some medullary bundles enclosed in sclerenchymatous sheaths are 
present; usually they are less 
than ten in number in a cross 
section (Fig. 30, md). The 
general aspect of the stem in 
cross section, therefore, 1s 
much like the young stem of 
other Cyatheacean species, 
especially that of Alsophila 
Ogurae. 

In order to ascertain the 


solid construction of the stem, 
serial cross sections of a stem 


Fig. 30. Transverse section of the rhizome. 
through a length of 150 mm. (x 2) 

st, stele 

se, sclerenchymatous sheath 


were made. For this pur- 


pose, the writer selected ma- 3 act aor 
| ; rt, root-trace 
terial showing,an abnormally md, medullary bundle 


constricted part. This was BEepeniole 
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done in order to see whether the exterally abnormal growth of the 
stem gives any influence on its internal structure. Descriptions of eight 
cross sections are as follows. 

Region A (near the basal tip; diameter 3mm.; Fig. 31, A). The 
tip of the rhizome tapers conically, but the point of the tip is decayed, 
and the part where the internal structure is preserved has a triangular 
outline with an average diameter of 3mm. The stelar ring, with a 
diameter of 1 mm., has three gaps, from cach. of which a pair of leaf- 
traces is parted. No medullary bundles are found. 

Region B(S mm. from the tip; diameter 7 mm.; Fig. 51, B). This 
part has an irregular triangular outline. The stelar ring is also triangular, 
and three gaps are found, each with two pairs of leaf-traces. Medullary 
bundles are not found. 

Region C (15mm. from the tip; diameter 8 mm.; Fig. 31, C). 
This part is larger than the former, but is similar in structure. In 
each gap two pairs of leaf-traces are found. No medullary bundles 
are found. 

Region D (30 mm. from the tip; diameter 9 mm.; Fig. 31, D). 
The gereral structure is similar to the former region, but a single 
medullary bundle is found. 

Region E (48 mm. from the tip; diameter 13 mm.; Fig. 31, E). 
The stem and stelar ring have a triangular shape, and three gaps 
are found in the latter, each possessing two \pairs of traces, but three 
pairs of vascular strands are found in the corresponding petiole, as one 
of the traces bifurcates in the cortex. Six medullary bundles are found. 

Region F (the constricted part; 71mm. from the tip; diameter 
10mm. Fig. 31, F). This is the part that is slightly constricted, but 
no essential differences are found in its structure. Two pairs of leaf- 
traces are found in each leafgap, and one of them bifureates in the 
cortex. Eight medullary bundles are present. 

Region G (98 mm. from the tip; diameter 15 mm.; Fig. 31, G). 
This region is just above the constricted part. In the stelar ring there 
are three gaps, in cach of which are two or three pairs of leaf-traces. 
Seven medullary bundles are present. 

Region H (136 mm. from the tip; diameter 21 mm.; Fig. 31, H). 
This part shows a triangular outline with rounded angies. In each of 
the four gaps, three pairs of leaf-traces are found. Eight medullary 
bundles are found. 

The solid construction of the stelar system was studied by the 
comparison of these serial sections, as is shown in the following. 


* 
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b. The Stele 


Accompanying the change of the size of the stem, the size of the 
stelar ring increases from the basal tip toward the top of the rhizome, 
but in the constricted part of the stem the stele is also constricted as 
is shown in the following table : 


Region A B C D E F G H 
Distance from the tip (mm.) = 8 15 | 30 48 71 98 136 
Diameter of the stem (mm.) 3 7 8 9 13 10 15 21 
Diameter of the stele (mm. ) 1 2 3 4 ih 4 8 12 


From this table, a diagrammatic development of the stelar surface 
has been drawn (Fig. 31). 


c. The Leaf-Gap 


As the petioles parted from the ventral side of the rhizome turn 
upward, their exact positions of attachment are obscured, and the 
determination of the phyllotaxy becomes difficult to trace, so that, in 
order to determine the phyllotaxy, it is better to resort to the position 
and arrangement of the leaf-gaps. The real arrangement of the gaps 
is neither influenced by the creeping habit of the stem nor by any 
abnormal constriction. In the basal part of the stem, the phyllotaxy 

2, and changes gradually toward 3, until in the upper part it 
becomes intermediate between 2 and 3 (Fig. 31). 

The size of gaps varies according to the diameter of the stelar ring, 
and in the constricted part of the stem the gaps decrease in size as the 
following table shows (Fig. 91): 


is nearly 


Fig. 31. The stelar ring of a stem diagrammatically developed, showing the 
arrangement of leaf-gaps (1-51) and the course of the medullary bundles (dotted. 
lines). A-F show the eight regions referred to in text. (x £) 
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Region ABT | © D E E GEIZH 
Length of the gap (mm.) 3 8 1133 |) 233) 25 13 20 25 


d. The Leaf-Trace 


The base of a large leaf, with a diameter of 8 mm., contains six 
pairs of petiolar strands, of which three pairs of the inferior series are 
arranged in a semicircular form on the under side, and one lateral pair 
of three pairs belonging to the superior series projects somewhat inward 
(Fig. 32). In such a leaf, while three pairs of traces are parted from 
the stelar margin of the leaf-gap as the inferior series, those of the 
superior series are parted as two pairs, of which the last bifurcates in 
the cortex, thus forming three pairs. This relation is maintained also 
for other gaps in the higher parts, as the following table shows : 


Region AEB C D E FE G H 
Number of leaf-traces (in pairs) 1 2 2 2 2 2 2 2 


bo 
bo 
bo 
i 
Q9 
i 
[2v] 
Q9 
E 
A 


Number of petiolar bundles (in pairs) 1 


t 


e. The Medullary Bundle 


The medullary bundle first appears in Region D, and in the 
regions above there they are always found, but they are not so numer- 
ous as in other species of tree-ferns, as is shown in the following table : 


Region AW a9 xq D E F G H 
Number of medullary bundles 0 0 0 1 6 8 7 8 
Length of the medullary bundle (nun) - - - - 20 10 15 25 


It is seen from this table that the number of the medullary bundles 
is less than ten, and that the length decreases at the constricted part 
of the stem and then again increases gradually upwards. 

rn ^ " + = ay aJ 7 4 a » 

l'hough some irregularities are found, the course of the medullary 
bundles is generally simple throughout the stem. One pair of them 
belongs to each leaf-gap, and it appears in the pith mostly in the same 
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level as the bottom of the corresponding gap, and ascending through 
the pith fuses to the meristelic margins near the top of the gap, the 
fused parts being parted as the last pair of leaf-traces. The whole 
length of a bundle, therefore, is nearly equal to the length of the gap. 

One of the irregularities in the course of the medullary bundles is 
that a bundle which appears in the pith ends in it blindly without 
coming into connection with the stelar ring. Such strands are found 
several times in different individuals of this plant. In another 
abnormal case, a strand bifurcates, but both branches fuse again into 
one before they terminate. 


B. STRUCTURE oF THE LEAF AND THE Root 


A leaf reaches a length of 1.5 m., and the petiole occupies nearly 
all of its lower half. Throughout the petiole and rachis, the surface is 
dark violet brown. The basal part of the petiole is covered with scaly 
hairs similar to those found on the stem surface. 

The outline of the petiole in cross section is either circular or 
elliptical, usually with a row of longitudinal grooves on each side, and 
in each groove are lenticels arranged in a row. 

In the basal part of a large petiole, six pairs of vascular strands are 
arranged as stated before, that is, five pairs are arranged in a circular 
form, while one lateral pair belonging to the first of the superior series 
projects inward slightly (Fig. 52, A). In this case, it is rare that two 
pairs situated at the median upper part are distinguished as two distinct 
pairs of strands. They are found usually as one pair of band-shaped 
bundles. In a smaller leaf, the superior strands fuse into a curved 
pair. 

Tracing a larger petiole upwards, separate strands are connected 

with each other in each series so as 


D C B A to form three or four bands, two 
Cd eA y oe Mar tos 
9 o superior and one or two inferior 
V q 3] (Fig. 32, B). A little further up- 
ND 
Soe 


wards, two superior bands fuse into 
a V-shaped strand, and the inferior 


Fig. 32. Transverse sections of four : fas 
parts of a leaf-axis, showing the arrange- band bifurcates so as to form three 


Beara bandes AEI (X) bands (Fig. 32, C). The formation 
f th tiol d 
E ds ot te petiole of these three bands takes place 
C, Top of the petiole : : E ; art 
Eddie ut ahd rachis usually in the middle or upper par 


of the petiole, but in a smaller leaf 
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it occurs lower down. At the upper part of the rachis, only two 
strands are found. 

The pinna-bundles branched from the rachis are similar in their 
structure to the upper part of the rachis. The branching of pinna- 
traces from the rachis-bundles takes place according to the extra- 
marginal type, viz. they are constricted off from the lateral corners of 
the superior and inferior strands of the rachis. 

Root-traces are parted from the lower and lateral sides of the leaf- 
gap or from the very bases of the parted leaf-traces. 


C. HISTOLOGICAL STRUCTURE OF THE STEM 


The histological structure of the stem is of the typical Cyatheacean 
type. In the peripheral region of the stem is a brown hypodermal 
laver consisting of an outer parenchymatous and an inner sclerenchy- 
matous layer (Fig. 33). 
The fundamental tissue of 
the cortex and pith consists 
of whitish parenchymatous 
cells, in whieh numerous 
mucilage sacs are embedded. 
The sclerenchymatous sheath 
of the inner side of the 
hypodermis as well as that of 
both sides of the stelar ring 
is composed of brown scleren- 
chymatous fibers, and on 
the boundary between the 


sheath and the fundamental Fig. 33. Transverse section of the peri- 
tissue is a peculiar laver of pheral part of the stem. (magnified) 
s : x h, hair 
ubel eels In T e. : 
cubical cells (Fig. 33, cc). e, epidermis 


se, sclerenchymatous sheath 


The stele is of a normal : 
ce, cubical cells 


‘Cyathean dictyostele". In 
each meristele the phloem encloses the xylem, and a layer of tangential 
cells is found at the external part of the phloem. Most of the medul- 
lary bundles are enclosed in sclerenchymatous sheaths. The medullary 


bundle is protostelic with or without a central parenchyma. 


D. HISTOLOGICAL STRUCTURE OF THE LEAF AND THE Roor 


Notwithstanding the smaller size of the leaf of this species, the 
structure of the leaf is similar to that of other species of tree-ferns. A 
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petiolar bundle is semicircular, while its xylem is U-shaped, as the 
phloem which surrounds the xylem is abundant on the concave side of 
the xylem, so that an endodermal layer shows a semicircular outline. 

The stele of the root, which is enclosed in a thick brown cortex, 
consists of a diarch radial bundle. 


E. Tur SPORANGIUM 


From the middle nerve of a pinnule small branches part on both 
sides, and on each branch there is a sorus. The sorus, circular in 
surface view, consists of about twenty sporangia, but lacks an indusium. 
The sporangium is ses- 
sile, ovoid and flattened C 
laterally,and the annulus 
is somewhat oblique(Fig. 

04). Though the dorsal 
part of the annulus is 
composed of normal 
thick-walled cells, about 
one-third of the ventral 


side consists of thin- Fig. 34. Sporangia seen from three sides. 
walled stomium-cells. (magnified) 
The attaching point of A, Dorsal view C, Lateral view 

5 B, Ventral view 


the sporangium is not on 
the annulose plane, but is on the lateral side, i.e. the annulus occupies 
an oblique position. The spore is tetrahedral. 


F. AFFINITY 


Now, let us consider the affinity of this plant based on the facts 


described above. 


a. The Sporangium 


The characteristics of the sporangium of the Cyatheaceae are that 
it has (1) no stalk, except in rare cases, (2) oblique and complete 
annulus, sometimes containing a small stomium and (3) a transverse 
rupture. 

(1) Stalk. Most of the Cyatheacean sporangia have no stalks, and 
are borne on small processes or receptacla on the leaf-surface. In some 
species, short stalks are present as in Dicksonia, Cibotium, Alsophila 
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pruinata?. Most of the Polypodiacean sporangia are characterized by 
long stalks, although some of them are nearly sessile, e. g. Divteris. 
The sporangium of the present species is also nearly sessile. 

(2) Annulus. The annuli of the Cyatheacean sporangia are com- 
plete or include a few stomium-cells. They are always oblique, i. e. 
the annulus and attaching point are not in the same plane. Those of 
the Polypodiaceae, on the other hand, are incomplete, 3. e. they always 
contain stomium-cells, and are vertical, i. e. the annulus and the stalk 
are in the same plane. In both families, some exceptions are known, 
e.g. Alsophila blechnoides?; Loxoma, Plagiogyria and Cryptogramme. 
The annulus of the present species is clearly oblique, the attaching 
point not being situated in the annulose plane, and is incomplete, one- 
third of the whole ring forming astomium. In this respect, the annulus 
of the present species deviates from the typical Cyatheacean annulus. 
The writer examined the sporangia of other species of the Cyatheaceae 
in the material collected by himself as well as in that in the herbarium 
of our Botanical Institute, but it was found that all of them had in- 
complete annuli. It may be neccessary, therefore, to change, to a certain 
extent, the definition of the character of the annuli of the Cyatheaceae, 
as has been pointed out by some authors”. 

(3) Transverse rupture of sporangium. ‘The transverse rupture 
of the sporangia is one of the characteristics of the Cyatheaceae and 
Polypodiaceae, by which these two families can be distinguished from the 
other related families. The sporangium of the peresent species shows 
a transverse rupture. 

The above characteristics of the sporangia place the present species 
in the Cyatheaceae. 


b. The Sorus 


The mode of arrangement of sori on the pinnule in the Cyathea- 
ceae will be classified into two types; the sori situated (1) on the 
marginal part of the pinnule as in Thyrsopterideae and Dicksonieae, or 
(2) on the lower surface as in Cyatheeae. In the latter type, there are 
three forms, (a) with complete indusium — Cyathea, (b) with incomplete 
indusium — Hemitelia, and (c) without indusium — Alsophila. The 


1) Bowen, F. O. (1912) Ann. of Bot., Vol. 26. 
2) Bower, F. O. (1913) Ann. of Bot., Vol. 27. 
3) ATKINSON, G. F. (1893) The extent of the annulus, and the function oi the 


different parts of the sporangia of ferns in the dispersion of spores. Bull. Torr. Bot. 
Cl., Vol. 20. 
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present species belongs to the last type. But, such a type of sorus is 
found also in other families such as (a) Gleicheniaceae, which is distin- 
guished from Alsophila in haying a sorus consisting of a few (usually 
three to five) sporangia, and (b) some Polypodiaceae, of which a few 
genera, e. g. Dryopteris, are hardly distinguishable from Alsophila. 


c. The Stem and the Leaf 


An important characteristic of this plant is the creeping habit of 
the stem. In the Polypodiaceae, both forms with creeping and also 
erect stems are met with, the former predominating. In the stem of 
the latter, there are two types; (1) with long internodes, usually with 
creeping rhizomes — Microlepia, Davallia, Polypodium, and (2) with short 
internodes, petioles surrounding the stem so as to give the massive 
appearance, the stems being either erect — Metteusia, or creeping — 
Dryopteris. The Cyatheaceae are characterized by an erect and large 
stature, as is indicated by the name _ tree-ferns, although some 
exceptions are recorded. Descriptions of the ferns are, however, based 
mostly on the characters of the leaves, so that the characters of the 
stems are generally unknown. In the case of the Cyatheaceae also, 
there is no exact statement about the stem. The following species 
have been described as having small stems not exposed on the ground, 
but whether they are creeping or erect is not stated, viz. most species of 
Dalantium, some species of Cibotium, some species of Dicksonia, and a 
few species of Alsophila. A creeping stem in this family is rather rare,and 
in this respect the present species rather approaches the Polypodiaceae. 

As the leaf of the present species is rather small like that of the 
Polypodiaceae, and the essential points in the external characters of the 
leaf resemble each other in the Polypodiaceae and Cyatheaceae, we 
cannot, by the external characters, distinguish to which of the two 
families the present species belongs. 

The cross sections of the stem and the leaf, however, are of the 
characteristic Cyatheacean type, and at once distinguish the species from 
the Polypodiaceae. 


d. Conclusion 


The general features of the stem and leaves, the form and 
arrangement of the sori of the present species are rather like the Poly- 
podiaceae, but the anatomical structure of the vegetative organs as well 
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as the structure of the sporangia are decidedly of the Cyatheacean type, 
so that this species should be included in Alsophila as has been done by 
Mr. Makino. 

One point needing discussion is the creeping habit of the stem. As 
above mentioned, the exact character of the stem of Alsophila is not 
given. The species of Alsophila known as possessing a creeping rhi- 
zome is Al. blechnoides, Hx., but the structure of the vegetative organs 
and sporangia of this plant is not typically Cyatheacean as was shown 
by Bower (1913), and it has been included in another genus Metaxyla 
(M. rostrata, Pr.). Al. Sprucei is also described as possessing a creeping 
rhizome, but this has not been confirmed. So far as the known species 
of the true Alsophila are concerned, there is none in which the creeping 
habit has yet been established, and it may be considered that Al. acaulis 
is the only species which has the creeping habit. It may be mentioned 
that the writer has observed several times that the young stems of 
other tree-ferns creep before they grow and become erect. Moreover, it 
is believed that the erect habit of the fern-stem is derived seconda- 
rily from the primary creeping habit". ‘Therefore, it must be con- 
sidered whether the creeping habit of this plant is due to the climatic 
condition of the habitat or to the genetical character of the plant itself. 
The locality where this plant grows — Yatsuka-mura, 33° N.—is 
the northern limit of the habitat of the Cyatheaceae in Japan, and lies 
almost in the same latitude as other places, where Cyathea spinulosa 
grows as high as 3 meters, viz. Hachijó Island, 32? 40’ N. and the 
Goto Islands, 32° 40’ N. Therefore, the place where Al. acaulis is 
growing now has all conditions, in which Cyatheacean species can 
actually grow up to the tree-form, and the writer is inclined to the 
opinion that the creeping habit is the normal character of this plant. 


SUMMARY 


1. The stem of Alsophila acaulis is a creeping rhizome, either 
subterranean or above ground. It tapers toward the end and thickens 
toward the top, and is about 30 em. in length and 3 em. in diameter. 
The leaves are borne radially around the stem, and the older leaves fall 
off from their petiolar bases leaving scars on the stem. In general 


features, the stem and leaves resemble those of some of the Polypodiaceae. 
EL À TIEN 

1) Bower, F. O. (1913) Ann. of Bot., Vol. 27, p. 453; —— iun Origin of Land 
Flora, p.626; —— (1923) The Ferns. Vol. 1, p; 325 


Comparative Anatomy of Japanese Cyatheaceae 235 


2. In eross section, the stem is nearly triangular influenced by the 
petiolar bases. In the peripheral region of the stem there is a brown 
layer, the outer half of which is composed of parenchyma and the 
inner half of sclerenchyma. From some parts of the epidermis arise 
scaly hairs which cover the stem surface. The fundamental tissue 
consists of whitish parenchyma, in which some mucilage sacs are 
embedded. ‘ 

3. The stelar ring is triangular in cross section and nearly parallel 
to the stem surface. The stele is a dictyostele, interrupted by from three 
to five gaps in a cross section. The margins of meristeles elongate out- 
wards and part the leaf-traces successively. Each meristele consists of 
a normal concentric bundle, and on the periphery of the phloem is a 
layer of tangential cells. 

4. Surrounding each meristele is a characteristic brown scleren- 
chymatous sheath composed of sclerenchymatous fibers. This sheath is 
separated from the fundamental tissue by a layer of cubical cells. 

5. The pith occupies the central part of the stem and consists of 
parenchyma, in which mucilage sacs and medullary bundles are found. 
The lattter can be readily recognised as they are enclosed in brown 
sclerenchymatous sheaths. The medullary bundle itself is protostelic. 

6. The phyllotaxy is not influenced by the creeping habit of the 
stem, and maintains a radial arrangement. It is 2 in the basal part, 
but changes gradually toward the top, until at the summit it becomes 
intermediate between 2 and $. 

7. The medullary bundles are not found in the basal part of the 
stem, but appear in the upper part. They are less than ten in a cross 
section, and a pair of them belongs to each leaf-gap. One pair appears 
in the pith near the basal part of a leaf-gap, and ascending through the 
pith unites with the meristelic margins at the upper part of the gap. 
The fused parts of the meristeles are parted and form the last pair of 
leaf-traces in the gap. Some bundles take an irregular course, and 
end blindly in the pith. 

8. The leaf-traces are parted from both margins of the gap. There 
is only one pair in the smaller gap at the basal part of the stem, but 
they increase upwards until there are three or four pairs in the larger 
upper part. Some of them branch in the cortex of the stem, so that the 
number of vascular strands in the petiole is larger than that of the 
traces parted. 


9. A constricted part of the stem shows a reduction of the size of 
the gaps and of the length of the medullary bundles, but does not affect 
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the arrangement of the leaf-gaps, the number and course of the medul- 
lary bundles and the mode of parting of the leaf-traces. 

10. The surface of the petiole and rachis is dark violet brown, and 
the basal part of a large petiole measures 8mm. in diameter. Beneath 
the superficial parenchymatous layer is a hypodermal layer composed of 
sclerenchymatous fibers. In the fundamental tissue mucilage sacs are 
embedded. 

11. In the base of a large petiole there are six pairs of strands, 
of which every three pairs are classified as superior and inferior strands. 
Of these pairs, one lateral pair corresponding to the first pair of superior 
strands turns a little inwards. Tracing the petiole upwards, the 
superior strands unite in a V-shaped arc, and the inferior ones into two 
bands, which then fuse into one strand. The mode of branching of 
pinna-traces is of the so-called extra-marginal type. 

12. A petiolar bundle consists of the central xylem enclosed by 
the phloem. The latter fills up the inner groove of the former, so that 
the endodermal layer shows a semicircular outline. Close to the proto- 
xylem, at the inner corner of the xylem, is a cavity. 

19. The root-traces are parted from the basal and lateral parts of 
the leaf-gaps, and penerate the cortex obliquely downwards. A root has 
à diarch bundle enclosed in a thick. cortex. 

14. The sori, lacking indusia, are borne on nerves on the lower 
surface of the pinnules. Each sorus is circular and composed of about 
twenty sporangia. Each sporangium is nearly sessile, has oblique 
annulus, and is incomplete including some stomium-cells. 

15. The shape of the stem and leaves as well as the shape and 
arrangement of the sori of Alsophila acaulis are of the form that is rather 
familiar in the Polypodiacean species, but the internal structure of the 
vegetative organs and the construction of the sporangia clearly indicate 
its Cyatheacean aftinity, and justifies the classification of this species in 
the genus Alsophila. 

16. Of the species of Alsophila with creeping rhizomes this species 
shows this character most distinctly. 
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V. Alsophila Bongardiana, Mett.* 


Alsophila Bongardiana is a tree-fern, endemic to, and very common 
in the Bonin Islands. The material was collected in January 1925, on 
Chichi-jima (Father Island). 


IL Lae Apurr PLANT 


In old individuals, the stem is straight and tall, attaining a height 
of 10 meters or more. It bears at the apex a rosette of leaves. The 
leaves, when dead, fall off leaving on the stem surface prominent 
leaf-sears studded with vascular strands in a peculiar arrangement. 
Occasionally, especially in young or small plants, the stem is invested 
with scaly hairs. In older portions of the stem, these appendages 
generally disappear, and frequently lichens and mosses are found grow- 
ing on the stem surface. 


A. Tuer EXTERNAL FEATURES OF THE STEM 


AND THE PHYLLOTAXY 


In tree-ferns the stem varies considerably in external appearance 
and thickness at different heights. In studying this point, Alsophila 
Bongardiana furnishes good material, because of its having the surface 
of the stem nearly all exposed. Moreover, the distinct leaf-scars make 
easy the determination of the leaf-arrangement. On this account, the 
following four different parts of a stem, about 5 meters in height, were 
subjected to examination. 

Part I (about 1.5 m. above the ground ; diameter 188 mm.; Fig. 35, 
left). 'This part represents the lower part of the stem, and is conical, 
measuring 138 mm. in diameter. The surface of the stem is smooth. 
The leaf-scar assumes a long elliptical shape, the longer or vertical axis. 
being 95 mm., and the shorter or horizontal one 33 mm. in length. In 
a leaf-sear upon the surface of the stem, vascular strands, about 70 in 
number, are visible in regular arrangement. Most of the strands are 
arranged in a ring along the margin of the scar, and in addition to 
these, there are a series of strands within the ring (Fig. 39). Leaf-scars 
are arranged on the stem, widely separated from one another. Their 


* The contents of the Part V appeared in Japanese in February number of the Bot. 
Mag. Tokyo, Vol. 40, pp. 69-90, 1926. 
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arrangement is not exactly 2, but deviates slightly toward 2, that is, the 
9th. scar is situated not exactly above the first, but a little forward 
across the vertical row of the latter. The interspace between any two 
scars in a vertical row, though it is not strictly vertical, is about 
215 mm., or more than twice the long axis of the scar. The remains of 
adventitious roots constitute another characteristic feature of the stem 
surface. Just below the scar, they occupy, on the stem surface, an area 
of a long stalactie shape, attaining about 180 mm. in length. As root- 
traces part from the lower half of the leaf-gap, the area occupied by 
roots shows precisely the position of the leaf-gap. In a cross section of 
this part, there is a stelar ring interrupted by six or seven leaf-gaps, 
which are not situated at equal distances, as the phyllotaxy is not 
precisely 3 (Fig. 42, left). 

Part II (about 2.5 m. above the ground ; diameter 120 mm. ; Fig. 1, 
right). This is a cylindrical part with a diameter a little smaller than 


^ d V ME ENS "be 
Fig. 35. Photograph of two parts of a stem showing the 
form and arrangement of leaf-scars. (x1) 

Left, Part 1; white patches are lichens Right, Part II 


the former. The long axis of the leaf-scar is much shorter than the 
former part, measuring 48 mm., while the horizontal short axis measures 
39mm. The arrangement of about sixty vascular strands on the scar is 
quite similar to that in the former case. The scars, lying more closely 
than in the former part, show a $ arrangement. The interspace left 
between any two scars in a vertical row is as small as 45mm. The 
spaces on the stem occupied by the roots, which are of stalactic form, 
approach one another closely, leaving almost no free surface between 
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them. Moreover, some of the roots cover the surface of the scars. 
Owing to the } phyllotaxy, the stelar ring in cross section appears to be 
cut into eight equal segments. 

Part III (about 4 m. above the ground ; diameter 120 mm.; Fig. 36, 
right). ‘hough this part has a thickness similar to that of Part II, the 
external features of the stem differ considerably. Leaf-scars lie close 


Fig. 36. TENES of two parts at n levels of the 
stem shown in Fig. 35, showing crowded leaf-scars. (x1) 


Right, Part III Left, Part IV 
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Fig. 37. Diagrammatic figures of the stem surface at different 
parts to show the change of arrangement of leaf-scars. (*7) 


A, Part III B, Part II 
C, Transitional part from A-type to B-type 
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together leaving only narrow interspaces between them. Each scar has 
an elliptical shape with a horizontal axis of 48 mm. and a vertical axis 
of 30mm. The vascular strands in each scar are arranged in the same 
manner as in Parts I and IL. The leaf-scars are arranged in vertical 
rows, the arrangement of scars in adjacent rows being somewhat 
diserepant from each other. In some parts where the scars are crowded 
together, they take an hexagonal shape from compression. The inter- 
space between the scars, that is the stem surface proper, is very narrow 
and is usually covered with scales. No roots are visible. The phyllotaxy 
of this part seems to be represented by a regular radial type of 45; or 
some such formula, but in reality, it is different. In detail, five scars 
on every five other vertical rows are situated nearly at the same level 
(Fig. 37, 4,1234 5, 11 12 18 14 15, . . .), and five scars on another five 
rows are also at the same level (6 7 8 9 10, 16 17 18 19 20, . . .), so that it 
seems as if the scars were arranged in two series of a five-whorled type, 
but this again is not so. The origin of this mode of arrangement can 
be assumed from an examination of the transitional part between this 
and the former Part II. In this transitional part, it can be found that 
this type of.arrangement in Part III may be derived from the $ type, in 
an irregular manner, as shown in the figure (Fig. 37, C). In a cross 
section of this part, the stelar ring is segmented into ten meristeles, 
each curving in a semicircular form, and itis found that the gaps of 
every other five rows are nearly in the same structure (Fig. 42, rigbt). 

Part IV, (about 5 m. above the ground; diameter 110 mm., Fig. 36, 
left). This part has a cylindrical shape with a thickness a little smaller 
than in the former part. The compression of the internodes and the 
close contact of the scars become severe, and consequently the scars are 
pressed on one another so as to become nearly hexagonal, leaving no 
interspaces between them. Each scar flattens vertically, measuring 19 
and 40 mm. in vertical and horizontal diameters respectively. The 
scars are arranged in regular vertical rows as in Part III, but the rows 
are eleven instead of ten, so that in a cross section of this part, the 
stelar ring is divided into eleven equal parts This type of arrangement 
is derived from the former in an irregular way. 


B. Cross SECTION oF THE STEM 


The stem shows the typical Cyatheacean form in cross section, 
being characterized by the occurrence of numerous medullary and some 
cortical bundles. 
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In the first place, the structure of a stem, 110 mm. in diameter, will 
be given. In general features and the arrangement of left-scars, this 
materialis similar to Part II above referred to. Each scar is circular 
in form, with a diameter of 40 mm., and the arrangement of the scars 
shows a type intermediate between 2 and 3. The outline of the stem in 
cross section is nearly circular, though with some irregularities at the 
leaf-gap (Fig. 38). The stelar ring, with a diameter of 95 mm., lies 
nearly parallel to the stem outline, and is segmented by five or six 
leafgaps. From the position of the leafgaps its phyllotaxy can be 
estimated as intermediate between 2 and 3 (Fig. 38, A—J). On both 
sides of the stelar ring is the sclerenchymatous sheath with a thickness 
of about 3 mm. (Fig. 38, sc). The margins of meristeles bordering the 
leaf-gap curve outwards, and leaf-traces are parted from the margins 


Fig. 38. Cross section of the stem. (xi) 
A—J, position of leaf-gaps rt, root-trace 
st, stele mb, medullary bundle 


sc, sclerenchymatous sheath cb, cortical bundle 
lt, leaf-trace 
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(Fig. 38, 1t). The pith, which is enclosed in the inner sclerenchymatous 
sheath of the stelar ring, occupies the greater part of the stem, and is 
rendered prominent by the existence of a greater number of medullary 


bundles (Fig. 38, mb). 
majority of them are liable to be over- 
looked, as they are not accompanied by 
sclerenchymatous sheaths. They are 
more numerous in the peripheral region 
of the pith than in the central region, 
and when they come in contact with the 
sclerenchymatous sheaths of the stele, 
small grooves are formed in the latter, 
in which the bundles are buried. The 
size of these grooves varies, and occasion- 
ally two bundles are found within a 
single groove. In these cases, the posi- 
tion of the bundles is easily recognized. 
In some rare cases, a medullary bundle 
is enclosed completely within the sheath. 
Several bundles near the leaf-gaps are 
somewhat larger than the others, and 
have brown sclerenchymatous masses. 
Occasionally, bundles other than those 
near the leaf-gaps have brown sheaths. 
One of the peculiar characters of 
this species is the presence of the 
cortical bundles, which are situated in 
the cortex in contact with the outer 
surface of the sclerenchymatous sheath 
(Fig. 38, cb). They are few in number ; 
15-20 in cross section, that is 2-3 for 
Most of them are in 
contact with the sclerenchymatous sheath 
ot the stele, forming small grooves on 
the outer surface of the latter, just as the 
medullary bundles do on the inner sur- 
face of the same sheath of the pith. 
The cortical bundles near the leaf-gap, 
however, are surrounded by thick brow 
sclerenchymatous ring. 


each meristele. 


They reach about 240 in number, but the 
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Fig. 39. A leaf-scar showing the 
arrangement of vascular strands 
and the position of the leaf-gap. 
Dotted lines show the outline o£ 
the gap; parallel lines correspond 
to the parts of cross sections of 
Fig. 40; the lettering of leaf-traces 
refers to those of the same figure. 

(nat. size) 
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C. Sorrp Construction OF THE STEM 


By a combination of serial corss sections of the stem above 
reterred to, its solid construction, especially of the stelar system, was 
studied. i 


Fig. 40. A series of consecutive cross sections through a 
leaf-gap, showing the mode of parting of leaf-traces and the 
course of the medullary and cortical bundles. Sections in 
this figure correspond to the levels shown in Fig. 39, and the 
leaf-traces denoted by letters correspond to those shown in 
the same figure. (nat. size) 


Other explanations in text. 
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a. The Stele 


The stele is a hollow cylindrical tube with a diameter of 8-9 cm., 
and its wall is perforated by numerous fusiform leaf-gaps, which are 


9 


arranged according to a type intermediate between 3 and 3. 


b. The Leaf-Gap and the Leaf-Trace 


The vertical length of a leaf-gap reaches about 100-120 mm., which 
is three times that of the leaf-scar (Fig. 39). The broadest part, measur- 
ing about 10-15 mm., is not in the middle, but somewhat above it. 
The outward curving of the stelar margins at the gap is so remarkable 
in this plant that the curved marginal part becomes nearly parallel to 
the main body of the stelar ring (Fig. 38, BC). The marginal curving is 
not simple, and in the upper part there is a portion where the curving 
disappears, so that the curved margin on each side consists of two parts 
(Fig. 41). Leaftraces parted from the upper and lower parts of this 
recovering portion of the curving belong to the superior and inferior 
series respectively. 

The mode of parting of leaf-traces is almost the same as in Cyathea 
spinulosa, but as their number is large in this species, this mode is more 
complex than that in Cyathea (Figs. 39-41). Let us now trace a gap 
from the bottom upwards. At first, the stelar margins of the gap turn 
out, parting the leaf-traces consecutively (Fig. 40, 1-4, a-b). In a cross 
section at the lower part of the scar, six or seven pairs of traces are 
arranged in an are between the two stelar margins (Figs. 39 & 40, 5-6). 
Inside the entrance of the gap, a number of pairs of medullary bundles 
are arranged in two rows, the first pair being about to fuse with the 
meristele. At a little level above, this pair of the medullary bundles 
penetrates the sclerenchymatous sheath, and fuses with the stelar 
surface (Fig. 40, 6-7). After this fusion, the bundle remains on the 
stelar surface as a process at the entrance of the gap (Fig. 40, 6-7). 
Ata slightly higher level, the original curved margin of the meristele 
is separated, as a whole, from the stele (Fig. 40, 7-8), so that the process 
formed by the fusion of the medullary bundle becomes the very 
margin of the meristele, which turns toward the median line of the gap 
(Fig. 40, 8-9). This corresponds to the part where the outward curving 
of the stelar margin disappears. The separated band-formed bundle is 
divided into strands, usually four in number, which become leaf-traces 
corresponding to the lateral projection of the inferior series (Fig. 40, 
8-11, d-e). At the same time, the marginal portion of the newly formed 
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stelar margin gives off leaf-traces, which belong to the lateral projection 
of the superior series (Figs. 39 & 40, 8-10, f-g). Meanwhile, this new 
margin begins to turn outwards (Fig. 40, 10-11), and the following two 
or three pairs of medullary bundles fuse with the inner surface of the 
meristele in this region (Fig. 40, 8-11). This fusion is complete, so that 
no processes are formed on the stelar surface. Higher up, a cortical 
bundle approaches the curved stelar margin (Fig. 40, 11, c), and finally 
fuses with it, thus making the marginal turning of the meristele very 
prominent (Fig. 40, 12). Then, the margin thus formed gives off a 
leaf-trace which is situated at the lateral corner of the superior series 
(Fig. 40,13, h). From the stelar margin, hereafter, there are parted 
consecutive leaf-traces, which are situated on the upper side of the scar 
(Fig. 40, 14-18, h-i), and with some of these, a few medullary bundles 
are connected. Meanwhile, the gap becomes narrower, and at the same 
time, the outward curving of the meristele becomes less prominent 
(Fig. 40, 17-18). It is on the inner surface of the curved part of the 
meristele near its very margin, that the last medullary bundle connects 
with the meristele (Fig. 40, 15-16). The last bundle remains on the 
stelar surface as a process, giving a forked appearance to the stelar 
margin (Fig. 40, 17). The forked marginal partis separated from the 
main stelar part as a single piece, and then is divided into à number of 
strands, which are the leaf-traces at the median upper part of the scar 
(Fig. 40, 17-20, i-j). Thus, the process of the parting of the leaf-traces 
is accomplished, and the gap is closed a little higher up. Some branches 
of the medullary bundles, however, go directly to the petiole, and give 
rise to the isolated leaf-traces on the inside of the upper are (Fig. 40, 
14-18, p-q). 


e. The Medullary Bundle 


The course of the medullary bundles of this species is very com- 
plicated, as they are numerous and connect with each other forming a 
complex network. Indeed, if a bundle is traced upwards or downwads, 
it connects with other bundles, or bifurcates into two, which again fuse 
with each other or with another bundle, or again branches. The strands, 
therefore, are connected with one another in so complex a manner that 
it is quite impossible to trace them exactly. Such a condition is not 
peculiar to this species, being common to all Cyatheacean medullary 
bundles, but in the present case, it is far more complex than in other 
species. In extreme cases, the bundles run in oblique or transverse 
directions. They take, however, a definite course in terminating, the 
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lower ends appearing in the pith and the upper ends connecting with 
the stelar margins at the leaf-gap. 

The medullary bundles that have the connection with a leaf-gap 
are not constant in number, as they separate or fuse with one another, 
even within the gap. There are usually more than five or six, but less 
than ten, pairs of them. Their course at the gap is not all the same, but 
differs even on different sides of one and the same gap. Therefore, a 
case of usual occurrence will now be considered (Figs. 40 & 41). 

Tracing a leaf-gap from below upwards, at the level where the gap 
appears for the first time, no medullary bundles belonging to the gap 
are found (Fig. 40, 1-2). It is at the level where two or three pairs of 
leaf-traces are parted that the medullary bundles become visible ; they 
are arranged in two rows within the gap, and moreover, are prominent 
accompanied by brown sclerenchymatous sheaths (Fig. 40, 3-4). At the 
level where some leaf-traces are parted, five medullary bundles accom- 
panied by brown sclerenchyma are arranged in a row at one side of the 
entrance of the gap (Fig. 40, 5). Higher up, the first two fuse into a 
single strand, which penetrates the sclerenchymatous sheath of the stele 
and fuses into the stele with one end, while another end projects toward 
the gap, giving a forked appearance to the stelar margin (Fig. 40, 6-7). 
The new inner margin thus formed is then cut off as a leaf-trace situated 
at the innermost part of the lateral projection of the superior strands (Fig. 
40, 8-9, f). Therefore, the first leaf-trace of the superior series may be 
considered to be the continuation of the first medullary bundle. Mean- 
while, the outer or original margin is separated from the main stele, as 
one piece, which divides into some leaf-traces belonging to the inferior 
series (Fig. 40, 9-11). Then, the third medullary bundle fuses with the 
incurved part of the meristele, the fused part being separated as the 
second superior leaf-trace (Fig. 40, 8-9). Next, the fourth and fifth 
bundles consecutively fuse with the meristele near its margin, and 
these parts give rise to the third and fourth superior leaf-traces. Prior 
to this, the sixth bundle has appeared on the inner side of the fifth, 
and bifurcated. One of its branches bifurcates again, and thus three 
strands are formed, one of which branches again so as to form a 
fourth, but two of these fuse together, and then another bundle bifur- 
cates. Thus, four branches of medullary bundles, sixth to ninth, are 
formed. The sixth bundle fuses with the stelar margin in usual 
manner, and that fused part produces the seventh leaf-trace situated 
near the outer corner of the laterally projecting series. Meanwhile, a 
cortical bundle approaches the curved stelar margin and fuses with it, 
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thus making the outward curving of the stelar margin very remarkable 
(Fig. 40, 11-12). Then, the seventh medullary bundle fuses with the 
inner surface of the curved margin, and gives rise to a leaf-trace 
situated on the upper side of the scar. The eighth bundle proceeds 
directly outwards though the gap, without connecting with the stele, 
and becomes an isolated leaf-trace situated under the upper are of 
series of strands (Fig. 40, 14, p). The ninth or last bundle ascends to 
the upper part of the gap, and connects with the meristele with one 
end (Fig. 40, 15-16). In this case, the curved part of the stelar margin 
becomes less prominent by the parting of consecutive leaf-traces, and 
the connection of the last medullary bundle produces a forked margin 
(Fig. 40, 17). The forked part, as a whole, is separated from the main 
stele, and is then divided into ‘several strands or leaf-traces situated 
on the median upper side of the scar (Fig. 40, 18-19, i-j). In this 
case, prior to the fusion of the last medullary bundle with the meristele, 
& branch is given off, which, entering the petiole directly through the 
gap, becomes an isolated leaf-trace above the isolated one derived from 
the eighth medullary bundle (Fig. 40, 18, q). 

The above description gives about the course of medullary bundles 
on one side of any one gap, while in other gaps their course is somewhat 
different. The important point of difference lies in the number of the 
branches of the medullary bundles. Briefly speaking, some pairs of 
medullary bundles are arranged in two rows within the gap. Their 
upper ends finally fuse with some parts of the stelar margin at the leaf- 
gap, the fused parts being separated as leaf-traces belonging to the 
superior series ; the first bundle gives rise to the first leaf-trace, the last 
to the last, and the intermediate bundles to the intermediate traces, 
while some branches of the few last bundles enter the leaf directly 
through the gap, and form isolated traces situated to the upper part. 
The branching of the isolated strands occurs at different levels, and 
when it occurs near the very end of the main bundle its origin is very 
clear, but this is not always the case. 


d. The Cortical Bundle 


'l'he presence of cortical bundles is one of the structural characters 
of this species. A pair of them belongs to each leaf-gap. Their course 
is very simple compared with that of the medullary bundles. ‘They 
appear in the cortex independently, and ascend vertically along the 
outer surface of the sclerenchymatous sheath of the stele. Tracing a 
bundle upwards. it becomes distinct as it aquires a sclerenchymatous 
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sheath (Fig. 40, 2, c), and becomes more and more prominent with the 
thickening of the sheath (Fig. 40, 3-5). Gradually it approaches the 
curved margin of the meristele at the gap, and finally fuses with the 
margin (Fig. 40, 5-6).. But, this fusion 
is temporary, for the cortical bundle soon 
separates from the stelar margin (Fig. 40, 
7-8), and ascends a little enclosed com- 
pletely again in the sclerenchymatous 
sheath (Fig. 40, 9-11). The stelar margin, 
to which the cortical bundle has fused, is 
separated as a leaf-trace situated at the 
lateral corner of the inferior series. Mean- 
while, the outward curving of the stelar 
margin disappears owing to the fusion of 
the first medullary bundle, and then the 
new margin thus formed again curves 
outwards. It is in the region where the 
curving becomes extreme that the cortical 
bundle connects with the meristele (Fig. 
40,12). This fusion makes the curving of 
the stelar margin very prominent. The 
margin thus formed is soon separated as a 
leaf-trace situated at the lateral corner of 
the superior series (Fig. 40, h). This trace, 
therefore, is derived from the part com- Fig. 41. Reconstruction of a 

bined with the cortical bundle. Merle sie ra nr 

Tracing a cortical bundle downwards the course of the medullary 
, and cortical bundles. (nat. size) 
it gradually leaves the stelar margin, and 
approaching the outer surface of the sclerenchymatous sheath of the 
stele, comes in contact with it, making finally a groove on the surface 
of the sheath. Then, the ‘bundle becomes smaller, and finally ends 
blindly, and, at the same time, the groove of the sheath disappears. 
The whole length of a cortical bundle is not constant, but it seems to be 
as long as twice that of the gap to which the bundle belongs. 

In short, the pair of cortical bundles belonging to a gap appears in 
the cortex far below the gap, and ascending through the cortex fuses 
with the curved margin of the meristele, and gives rise to a pair of 
leaf-traces situated at the lateral corners of the superior series. But, 


before the fusion, the bundle usually connects temporarily with a leaf- 
trace belonging to the inferior series. 


Comparative Anatomy of Japanese Cyatheaceae 


Fig. 42. Photograph of cross sections of two parts of the stem 
shown in Figs. 35 and 36. (x 4) 
Left, Part I Right, Part ILI 


Fig. 43. Cross'section of a higher part (Part III) of the stem 
with leaf-scars arranged in ten vertical ro ws. (eas) 


Abbreviations as in Fig. 38. 
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e. The Case of a Stem with Crowded Leaves 


The higher part of the stem shows crowded leaf-scars as before 
mentioned. To ascertain whether the internal structure in such a part 
differs from that of Part I above described or not, the writer examined 
material of Part III, that is the part with scars arranged in ten 
vertical rows. 

In a cross section of this part, with a diameter of 120mm., the 
stelar ring is divided into ten meristeles, each of a semicircular shape 
(Figs. 42 right and 43). Therefore, the form of the meristeles differs 
considerably from the case above described. Neverthless, its essential 
structure is almost the same. 

The solid construction of the stem in this partis as follows. On 
the stelar wall, numerous leaf-gaps are arranged in the same way as the 
leaf-scars; the gaps are compressed together, and each gap flattens 
considerably compressed in vertical direction, that is, it is only about 
30 mm. in vertical length. The stelar margins at the gap curve outwards 
considerably, and the leaf-traces are parted consecutively from the mar- 
gins, crowded together. The medullary bundles become as many as 270, 
and those on the peripheral part are buried in the grooves of the scleren- 
chymatous sheath of the stele. The course and mutual connection of 
the medullary bundles are also the same as in the case above mentioned, 
but owing to the shortening of the gap, these processes are accomplished 
quickly. Cortical bundles are found four to six in each meristele, one 
pair of them belonging to each gap. It must be mentioned here that, 
the cortical bundle fuses with the leaf-trace belonging to the superior 
series, situated at the lateral corner, and on its way does not connect 
with the leaf-trace belonging to the inferior series, though sometimes, 
a temporary fusion, such as is found in the case above mentioned, takes 
place. 


D. HISTOLOGICAL STRUCTURE OF THE STEM 


The histological structure of the stem is of the normal Cyatheacean 
type. The epidermis and superficial tissue usually fall off, but in some 
parts these tissues sometimes persist. In a cross section, the superficial 
tissue with a thickness of a few mm., is brownish, and its external part 
projects outwards so as to form scales. On the inside of the epidermis 
is a layer composed of parenchyma, which passes into the sclerenchyma- 
tous layer composed of fibers (Fig. 44). When the outer tissues fall off, 
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the separation occurs at the middle part of the parenchyma. The 
sclerenchymatous sheath enclosing the meristele is composed of scleren- 
chymatous fibers. The region between this layer and the hypodermis 
(3-5 mm. in thickness) and that between this 
and the meristele (2-4 mm. in thickness) is the 
cortex proper consisting of whitish parenchy- 
matous cells, and also including mucilage 
sacs. At the boundary between the scleren- 
chymatous layer and the cortical parenchyma, 
a layer of peculiar cubical cells is constantly 
found (Fig. 44, cc). 

The stele, with,a breadth of about 3 mm., is 
constructed on the normal Cyatheacean type; 
surrounded by an endodermal layer, there is a 
concentric bundle. At the external part of the 
phloem is a layer of tangential cells. 

The pith consists of the same tissue as the 
cortex including some mucilge sacs. 


Fig. 44. Cross section 


The structures of the medullary and cor- through the external part 
ofastem. (magnified) 


tical bundles coincide; they are both proto- ree 
? . . 
stelic, and when they 'are small the central ep, epidermis 
3 Sate : sc, sclerenchyma 
. xylem consists entirely of a mass of tracheids. cc, cubical cells 


In the larger bundles a parenchymatous pith QUSE AULUS 


is included within the tracheidal mass, and in the largest a small inter- 
cellular space is found within the pith. 


E. STRUCTURE OF THE LEAF 


Large leaves attain a length of 3 meters. Throughout the petiole 
and rachis, the surface is greenish and is ornamented with small 
protuberances. A cross section of the petiolar base of a large leaf shows 
a semicircular outline, flattened at the upper side, with a transverse 
diameter of 45mm. ‘racing the petiole upwards, its outline becomes 
gradually smaller and more circular (Fig. 45, A-D). 

The mode of arrangement of vascular strands in the petiole and 
rachis differs in different parts (Fig. 45). In the part with larger sized 
petiole, the strands are abundant, there being 60-70 of them. In the 
petiole, most of the strands run parallel to the pétiolar surface; besides, 
on the lateral sides two rows of strands project inward and downward, 
those of the upper row being more numerous (6-10 pairs in number) 
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than those of the lower (1-3 pairs). In addition to these, on the upper 
part there are some isolated strands (1-8 pairs). Marked by the laterally 
projecting series of strands, the petiolar strands are classified as the 
superior and inferior series (Fig. 45, A). Tracing the petiole upwards, 
separate strands fuse together side by side, giving a wavy outline in 
cross section. At the middle part of the petiole, the bundles of the 
superior and inferior series are respectively connected, the former in a 
triangular and the latter in a semicircular form; also within the former 
there are two rows derived from the isolated bundles (Fig. 45, B). 
Somewhat higher up, the median part of 


A gilt era => the upper arc opens, and both ends connect 
A 6 a6 7 with the isolated bands in a hook-form, 
As d l 2? 8s while the lower arms elongate considerably 

S y2 X and approach each other. At the same 


2 š : : * 
: time, the median part of the inferior arc 


opens, and the ends turn a little inwards 
(Fig. 45, B-C). The completion of four 
such bands occurs usually at the lower 
part of the rachis or at the upper part of 
the petiole. Further up, the lower arms of 
the superior bands come into contact with 
each other in a V-shape (Fig. 45, D), while 
the lower series are combined in a single 
band; this last form is maintained up to 
the summit of the rachis. 

In the base of a large pinna-axis four 
strands are present, arranged in the same 
way as in the upper part of the rachis. 
Fig. 45. Cross sections of differ- The branching of the pinna-traces from 


ent four parts of a leaf-axis show- n aat a takes nle AVIN eres 
iuc nad o aa E the rachis-bundles takes place according to 


vascular strands. (nat. size) the so-called extra-marginal type. In the 
A, Base of the petiole 7 EO MACA tr , q 
B, Middle of the petiole branching region, a small strand connects 
C, Top of the petiole the two series of traces. 


D, Middle of the rachi 
vocari EU e The histological structure of the leaf 


is of the normal Cyatheacean type. In the petiole, under the epidermis 
and separated by a layer of parenchyma, is a layer of fibrous tissue. 
Each separate bundle is V-shaped, and in it the central xylem is 
enveloped by the phloem. The wavy bundle is the connection of these 
V-shaped bundles, and exhibits no essential difference. 
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F. STRUCTURE or THE Root 


Roots grow out from all sides of the stem, but thóse from the higher 
part of the stem are too short to reach the ground, and only those of the 
basal part serve as absorbtive organs. The latter are entangled with 
each other forming a thick root-mass. They spring from the stem in a 
regular manner. Their mode of origin is most conveniently studied 
from the position of the remains of roots, which are situated under the 
leaf-scars. The length of the root-area under a leaf-scar is two or three 
times as long as the scar itself. The parting of the root-traces takes 
place in the lower half of the stelar margin at the leafgap. They part 
from the stelar margin or from the bases of leaf-traces just parted. 
Descending obliquely through the outer cortex, they leave the stem as 
root-bundles. In the higher part of the stem where the leaf-scars are 
crowded, the roots are not usually found. The vascular bundle of the 
root is typically diarch. 


LL -.'Dsb Young PLANT 


In young individuals, the stem tapers conically toward the lower 
end, and is invested with a thick root-mass. Leaves fall off from their 
bases, but the separating planes are not at the same level as the stem 
surface, being elevated on the lower side. 'The elevation, however, 
becomes less prominent toward the upper and thicker portion of the stem. 

In order to see the size and arrangement of leaf-gaps as well as the 
origin and eourse of medullary and cortical bundles, the writer examined 
the internal structure of two young plants. In the main points, both 
plants exhibited no difference of structure, and accordingly, let us take 
for description a case based on material showing a very good growth. 
The results to be given below were obtained from studying serial cross 
sections made through the portion within 180 mm. from the basal tip. 


A. Cross SECTIONS oF THE STEM 


At first, the structure will be considered in eight main parts of the 
stem at different levels, in order to get a general idea of the structure of 
the stem. 

Region A (8 mm. from the lower tip ; diameter 3 mm. ; Fig. 47, A). 
This region has an irregular outline, and the stelar ring is divided by 
two leaf-gaps, from each of which one pair of leaf-traces is detached. 
No sclerenchymatous sheath is found surrounding the stelar ring (Fig. 
46,1). Neither medullary nor cortical bundles are found. 
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Region B (6 mm. from the tip ; diameter 6mm. ; Fig. 47, B). The 
outline of this region is irregularly triangular, and the stelar ring i$ 
interrupted by two gaps, each with two pairs of leaf-traces. Incomplete 
sclerench ymatous tissue is'found on both sides of the stelar ring (Fig. 46, 
6-8). Three medullary bundles are found, but no cortical bundles. 

Region C (13 mm. from the tip; diameter 11 mm. ; Fig. 47, C). 
This region also is triangular, and there are three gaps in the stelar 
ring. Three pairs of leaf-traces are parted from each gap. Fifteen 
medullary bundles are found, but cortical bundles are absent. 

Region D (27 mm. from the tip; diameter 15 mm. ; Fig. 47, D). 
The outline of the stem and the stele has a rounded triangular form. 
In the stelar ring three gaps are found, each having five or six pairs 
of leaf-traces. Twenty medullary bundles are found, but no cortical 
bundles. 

Region E (48 mm. from the tip; diameter 23 mm.; Fig. 47, E). 
General structure like that of the former; seven or eight pairs of leaf- 
traces to each leaf-gap. Number of medullary bundles reaches twenty- 
six, but cortical bundles are not found. 

Region F (67 mm. from the tip; diameter 36 mm.; Fig. 47, F). 
The outline of both stem and steleis triangular. Each leafgap gives 
off nine pairs of leaf-traces. Number of medullary bundles reaches 
thirty-seven, of which those in the peripheral part are buried somewhat 
in the grooves of the sclerenchymatous sheath. No cortical bundles 
are found. 

Region G (95 mm. from the tip; diameter 53 mm.; Fig. 47, G). 
The stem in cross section is pentagonal, and the stelar ring tetragonal, 
with three gaps. About fourteen pairs of leaf-traces are found in each 
leaf-gap. Medullary bundles become as many as seventy, and their 
course is similar to that in the adult plant. The bundles situated in 
the periphery are buried in the grooves of the sclerenchymatous sheath. 
It is here that the cortical bundle makes its appearance. In this region, 
eight cortical bundles are found, of which six are near the leaf-gaps, 
and other two in contact with the sclerenchymatous sheath. 

Region H (122mm. from the tip; diameter 60 mm.; Fig. 47, H). 
The outline of the stem and the stele is rounded triangular. There are 
four leaf-gaps, with about seventeen pairs of leaf-traces. Medullary 
bundles reach as many as one hundred and four, and those in the peri- 
pheral part enter deeply into the grooves of the sclerenchymatous sheath. 
Cortical bundles are nine in number ; most of them are situated in con- 
tact with the sclerenchymatous sheath, and dip somewhat into it. 


bo 
or 
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B. SOLID CONSTRUCTION or THE STEM 


The solid construction of the stem of this young plant was studied 
by a comparison of serial cross sections. 


a. The Stele 


Though the stele is originally cylindrical tube, it becomes irregular 
owing to the projection of the marginal parts of the meristeles at the 
leaf-gaps. Usually, three leaf-gaps overlap in a cross section, so that 
the stelar ring is triangular in cross section. The relation of the size of 
the stele in any region and the distance of that region from the basal 
tip may be seen in the following table : 


Region A B C D E F G H 
Distance from the tip (mm.) 3 6 13 27 48 67 95 | 122 
Diameter of the stem (mm.) 3 6 11 15 23 36 53 60 
Diameter of the stele (mm.) i 3 7 10 15 24 35 45 


The size of the stele gradually increases upwards, but in Region E, 
the rate of increase slightly diminishes. This relation is more clearly 
seen in the diagrammatic figure showing the developing of the stelar 


tube (Fig. 47). 
b. The Sclerenchymatous Sheath 


The sclerenchymatous sheath on both sides of the stelar ring is not 
found at the very base of the stem. It develops gradually on both 
sides of the ring in separated masses, which become connected gradually 
so as to form a continuous sheath (Fig. 46). 


c. The Leaf-Gap 


The size of the leaf-gaps in the main regions is as follows: 


Region A B € D E F G H 


Length of the gap (mm.) Tons yia l ig oom 22 


It is seen from this table that the size increases upwards in keeping 
with the increase of the diameter of the stem (Fig. 47). 
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The phyllotaxy or arrangement of the 
gaps wil uow be considered. The gaps are 
regularly arranged in a radial manner, but 
the arrangement is not constant throughout 
the entire length. In the lower part it is in 
a 2 system, but changes gradually into a $ 


system (Fig. 47). 
d. "The Leaf-Trace 


The number of leaf-traces in each gap 
increases upwards in keeping with the size 
of the stem or gaps. Usually, some of the 


traces bifurcate in the cortex, so that, the 


number of vascular strands in the petiole is Fig. 46. A series of cross sec- 
he tions at the basal part of a stem, 

1€ showing the mode of formation 
of the sclerenchymatous sheath. 


larger than that of the parted traces. 
former can be estimated by the number of 


(x2) 
strands in a leaf-sear. This relation is shown st, stele 
: ; sc, sclerenchymatous sheath 
in the following table : mb, medullary bundle 
Region A B C D E F G H | 
Number of leaf-traces (in pairs) 1 2 3 5 6 9 10 12 
Number of petiolar strands = 
(in pairs) T 2 3 6 7 iN 14 Tr 


The arrangement of strands in each scar differs considerably in 
each region. In the case with less than four or five pairs of strands, 
they are arranged in a simple circular form, but in the case with six 
pairs (three superior and three inferior) one lateral pair projects, some- 
what inwards, corresponding to the first pair of the superior strands. 
Upwards, with the inerease of the number of strands, those projecting 
increase in number, and when they reach nine pairs, four of the inferior 
series are arranged in an are, while out of five pairs of the superior 
series three pairs form the upper are and two lateral pairs project 
inwards. The projection becomes more and more prominent, and at 
the same time, one pair in the median upper part begins to project in- 
wards. In this way, the number of vascular strands increases gradually 
upwards, until in the petiole in the upper part of the material (Region 
H), seventeen pairs are present, of which six pairs belonging to the 


Comparative Anatomy of J apanese Cyatheaceae 257 


inferior series are arranged in an arc, and the lateral uppermost one 
projects a little inwards, while out of eleven pairs of the superior strands 
seven pairs form the upper are, and three lateral pairs and one upper 
pair project inwards respectively. 


Fig. 47. Diagrammatic figure of the stelar wall of a young 
plant, showing the size and arrangement of leaf-gaps (1-42), 
the course of the medullary and cortical bundles (dotted-lines). 
Medullary bundles are omitted above Region D. Cortical 
bundles appear above Region G. A-H show the eight regions 
referred to 1n text. (nat. size) 


In a word, the mode of parting of leaf-traces in the young plant is 
nearly the same as in the case of other species, but as the traces are 
numerous in this plant, their courses become complex early in the 


young part. 
e. The Medullry Bundle 


In the adult plant, medullary bundles are very numerous and;form 
a very complex network. Anastomosis begins early even in the lower 
tip of the stem, so that the complete course of the bundles is hardly 
iraced. 
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In the first place, the number of strands in the main regions will 
be mentioned in the following table : 


Region A B C D E F G H 


Number of medullary bundles 0 3 15 20 26 37 40 | 104 


Itisin a parta little below Region B that the medullary bundle 
first appears. A bundle which appeared near the bottom of the 7th. gap 
ascends a little and bifurcates, and the two branches fuse to the two 
sides of the gap. Three bundles in the following three gaps (8th—10th.) 
take the same course. In the next gap (11th.), a bundle which has 
appeared in the pith bifurcates, then both branches bifurcate again, 
and these two pairs connect with two pairs of leaf-traces of the gap 
(Fig. 47). In the following gaps, the medullary bundles repeat the 
same process, but sooner or later, mutual connection of the bundles 
takes place, and makes it difficult to trace their courses completely, and 
therefore, in the Fig. 47, the course of the bundles above Region D is 
omitted. Arguing from the case of other species, it may be assumed 
that, all of the medullary bundles appear in the pith and ascend through 
it, branching and connecting with each other, until they come in 
contact with the stelar margins at the leaf-gaps, and give rise to some 
of the leaf-traces belonging to the superior series. Their fusion with 
the stele affects the latter. In some lower gaps, the medullary bundles 
terminate as one pair, but tracing the gaps upwards, they terminate as 
two and then as three pairs, and so on. At the same time, they anasto- 
mose with each other, and their number becomes irregular, which makes 
it diffieult to count the exact number of branches which connect with a 
leaf-gap. The following table roughly shows their number : 


B D E F G H 


E 


Region A 


Number of medullary bundles 
in connection with the leaf- — 


| 
) j 1 2 2 3 4 5 | 6 
gap (in pairs) | 


All of the medullary bundles connect with leaf-gaps belonging to 
the superior series, the first bundle with the first trace or the laterally 
projecting one, the last with the last or upper median trace of the upper 
arc, and the intermediate ones, if present, with the intermediate traces. 
But, some branches of the bundles run through the gap directly to the 
petiole, in which they have isolated positions in the upper part. 
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f. The Cortical Bundle 


The appearance of the cortical bundle takes place on both sides of 
the 35th. gap, situated a little below Region G, i. e. about 90 mm. distant 
from the base. Each of them ascends a little accompanied by the 
sclerenchymatous sheath, and fuses with the stelar margin at the gap, 
the fused part being separated as a leaf-trace situated at the lateral 
corner of the superior series. In following some gaps, the course of the 
cortical bundles is nearly the same, but they gradually become longer 
(Fig. 47) At lower levels, the bundles are hardly distinguishable from 
the root-traces, but in upper levels they are easily recognized as they 
are situated in contact with the outer surface of the sclerenchymatous 
sheath of the stele, as in the adult plant. 


SUMMARY 


1. The stem of Alsophila Bongardiana is tapering at the lower end, 
where it is thickly covered with roots. It reaches a height of 10 meters 
or more. 

2. The leaves are borne on the stem apex, and older ones fall off 
from their very bases leaving the characteristic scars on the stem 
surface. The phyllotaxy is 2 in the young part, but changes gradually 
upwards to 3, and then proceeds in an irregular manner to the system 
of arrangement in ten or more vertical rows. 

3. The surface of the stem is covered with scaly hairs. The 
hypodermis consists of the outer parenchymatous and inner scleren- 
chymatous layers. The superficial layer on the outside of the paren- 
chyma usually falls off. 

4. The central cylinder of the stem is dictyostelic. The margin of 
the meristele at the gap turns outwards, and gives off the leaf-traces 
consecutively. 

5. A meristele is constructed according to the normal fern-type, 
i.e. the amphicribral concentric.type. Outside:the phloem, is a layer of 
tangential cells. The sclerenchymatous sheath of the stele is composed 
of sclerenchymatous fibers. In the fundamental tissue, some mucilage 
sacs are present. 

6. The leaf-gap is fusiform, and the stelar margins at the gap turn 
outwards considerably. The marginal turning disappears at the upper 
part of the gap, and the traces detached from the lower part of the 
recoyering region belong to the inferior series, while those from the 
upper part belong to the superior series. 
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7. In the case of a larger petiole, about seventy vascular bundles 
are present, most of which are arranged in a ring along the petiolar 
surface; besides, two laterally projecting rows and an upper isolated 
group are found. In a small petiole, the vascular strands are few in 
number, and are simple in arrangement. 

8. Ascending the petiole, the vascular strands fuse together side 
by side into four wavy bands, which in the rachis are combined into 
three, and then into two. The branching of pinna-traces takes place 
according to the extra-marginal type. 

9. Under the epidermis of the petiole is a hypodermal layer 
composed of sclerenchymatous fibers. The petiolar strands are of the 
normal fern-type in structure. 

10. Root-traces are parted from the stelar margins at the leaf-gaps, 
and penetrate through the cortex obliquely downwards. Roots have the 
diarch radial bundles. 

11. Medullary bundles appear early in the young part. They 
gradually increase in number upwards, until in the adult part they 
amount nearly two hundred and fifty in a cross section. They 
appear independently in the pith, and their upper ends fuse with the 
stelar margins at the gap. In their course, they connect with each 
other, and form a network. The first bundle belonging to a leaf-gap 
fuses with the first leaf-trace of the superior series, the last with the last 
trace, and the intermediate bundles with the intermediate traces. Some 
branches of the medullary bundles enter the petiole directly, and are 
isolated in its upper part. 

12. One pair of cortical bundles belongs to each leaf-gap. "They 
arise in the cortex, and ascending through it fuse with the stelar 
margins at the gap, the fused parts being separated as a pair of leaf- 
iraces situated at the lateral corners of the superior series. In their 
course, they connect temporarily with the traces of the inferior series. 

13. Cortical and medullary bundles are constructed according to 
the same type, i.e. the protostelic type. In the smaller bundles, the 
xylem consists of a tracheidal mass, while in the larger it includes a 
parenchymatous pith ; in some cases there is a cavity in the pith. 

14. The stelar system of Alsophila Bongardiana is similar to the 
‘Cyathean dictyostele’, but differs from it in having the cortical 
bundles. The present type of the stelar system will be called an 
* Alsophilan Dictyostele ” 
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VI. Additional Note on Cyathea spinulosa, Wall.* 


In Japan, the genus Cyathea so far as is known is represented by 
only a single species, Cyathea spinulosa, Warr. It is found in Hachijo, 
the Bonins, the Gotó Islands, the Koshiki Islands, the Osumi and 
Satsuma Peninsulas, the South-West Islands, the Loochoos and 
Formosa. It is known to occur also in South China, the Maley Archi- 
pelago and India. The most characteristic features of this species is the 
presence of spines in the petiole. 

On the anatomical structure of the species, a description based on 
material obtained from Hachijó has been already given in Part II. 
Later, on the occasion of a botanical trip to the Bonins and Formosa, 
the writer found that the plants growing in both of these islands show, 
in the structure of the stems, certain differences from those of Hachijo. 
Consequently, the question arises as to whether the materials from 
different regions represent really a single species or comprise different 
species or varieties. In order to decide this point, plants collected in 
the following localities were subjected to a close study. 


$ ) 

Locality Lat. (N) Long. (E) eee 
Hachijó Island, Idzu Gm" y 1399 50’ Apr. 1924 
Chichi-jima, Bonin Is. 21270! 1429 10’ Jan. 1925 
Fukai-jima, Gotd Is. 32° 40’ 128° 40’ Jan. 1926 
Konejime-mura, Osumi ex Os 1809 45’ Jan. 1926 
Oshima, Kagoshima 289. 20! 1299 30’ Jan. 1926 
Kuntian, Okinawa Is., Loochoo 26° 40’ 1289. —20' Dec. 1925 
Sózan, Taihoku, Formosa 252 1O T2 USE Aug. 1925 


Of these materials, the stems of similar size, viz. 60-80 mm. in 
diameter, were chiefly used for comparison. In cross section, they 
exhibit great diversities of structure according to different sources as 
given below. 

a. Material from Hachijó. The sclerenchymatous sheath on both 
sides of the meristele shows a smooth outline. No cortical bundles are 
found (Fig. 48, A). 

b. Material from the Loochoos, Osumi and the Bonins. The 
sclerenchymatous sheath on both sides of the meristele is influenced by 


* The contents of the Part VI appeared in Japanese in the Bot. Mag. Tokyo, Vol. 40, 
pp. 307-310, May 1926. 
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the protrusion of medullary bundles, forming an irregular denticulation, 
and sometimes it is cut off. No cortical bundles are found. (Fig. 48, C). 

c. Material from the Bonins and Oshima. The sclerenchymatous 
sheath is the same as in the case b, but some cortical bundles are found 
(Fig. 48, B). 

d. Material from Formosa. The sclerenchymatous sheath is the 
same as b. No cortical bundles are found. The meristlele curves 
prominently in a horseshoe-shape (Fig. 48, D). 

Judging from the case of Alsophila, these anatomical differences, 
especially the presence or absence of the cortical bundles, may be 
considered as deserving a specific difference. For convenience sake, 
these types may be called (a) Hachijó-, (b) Loochoo-, (c) Bonin- and (d) 
Formosa-types, although there are intermediate forms, showing that 
these types are not absolute ones. 

The general anatomical structure in cross sections of the stems of 
some materials from different localities will be shown in the following 
table : 


Diameter | Diameter | Number | Number oi | Number of | Interruptions 
Locality of the of the of leaf- | medullary cortical | of sclerenchy. 
stem(mm.)\stele(mm.)} gaps bundles bundles sheath 

Hachijó 62 43 5 55 0 0 
Bonin (a) 75 50 8 92 18 0 
(b) 100 65 13 132 90 0 
Gotd 50 30 5 48 0 0 
Ósumi (a) 85 60 8 109 0 al 
(b) 110 70 10 161 24 4 
Oshima (a) 55 37 5 42 1 2 
(b) 75 43 10 117 1 8 
Loochoo 65 45 8 84 0 2 
Formosa 62 32 8 70 0 0 


A. Curvature of the meristele. The phyllotaxy or position of the 
leaf-gaps differs at various levels in one and the same individual, so 
that to these characters no diagnostic value can be assigned. The 
curvature of the meristele in cross section increases in proportion to the 
mutual approach of the leaf-gaps. In the part of the stem with loosely 
arranged leaves, the stelar margins facing the leaf-gap curve outwards, 
and the stelar body itself remains uncuryed, while in the part with 
closely arranged leaves, the meristele itself is short and curves in an 
are form. ‘The latter form may be seen in the higher parts of the stem. 
But, in the Formosa-type the curvature of the meristele is remarkable, 
even in the young stem (Fig. 48, D). The ratio of the diameter of the 
stem to that of the stelar ring is more than 1.9 in the Formosa-type, 
while in other types it is 1.4-1.6. 
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Fig. 48. Cross sections of the stems of Cyathea spinulosa 
from different localities, showing variation of structure. (x 2) 


A, Stem from Hachijó C, Stem from the Loochoos 
B, Stem fromthe Bonins D, Stem from Formosa 


B. The sclerenchymatous sheath of the meristele. The brown 
sclerenchymatous sheath which surrounds the meristele, runs nearly 
parallel to the latter, and has the same outline. The surface of the 
sheath facing the pith is sometimes irregularly denticulate, being in- 
fluenced by medullary bundles. In extreme cases, the sheath is inter- 
rupted by medullary bundles. The Hachijó-type shows no such den- 
ticulation, while in other types the sheath-outline is always denticular, 
and sometimes is interrupted at some points (Fig. 48). In Alsophila, 
the presence or absence of such denticulations and interruptions may be 
used, to a certain extent, as a basis for specific identification. In the pre- 
sent case, however, both forms may be found among the plants found in 
the same locality, or even in different parts of the stem of one and the 
same individual. Generally speaking, the denticulation and interruption 
are not prominent in the smaller or younger stem. 


bo 
Q 
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Fig. 49. Cross section of a stem of Cyathea spinulosa trom 
the Bonins at the level with leaf-scars arranged in ten 
vertical rows, showing the stele segmented in ten meristeles, 
the interruption of the sclerenchymatous sheath and the 
presence of the cortial bundles. (x$) 


C. The cortical bundles. Medullary bundles are present abun- 
dantly in all types. Cortical bundles are found in the Bonin-type 
(Figs. 48 & 49), but they are absent in other types, even in the stem of the 
same size as that of the Bonin-type. Ina stem of the Bonin-type, with a 
74 mm., there are found eighteen cortical bundles (Fig. 48, B), while in 
another stem, with a diameter of 100 mm., they amount to nearly one 
hundred. In the stems of other types, none or only a few cortical 
bundles are found, as is shown in the above table. A stem from 
Ósumi, with a diameter of 110 mm., contained twenty-four bundles. 
Judging from these facts, it is evident that the presence of tho cortical 
bundles is inconstant in this species, and therefore, the presence or ab- 
sence of them may not be considered as a specific difference. In gereral, 
the cortical bundles are not found in the younger part, but may appear 
when the stem reaches a certain size. This relation is well illustrated 
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by a stem from Osumi; in its basal part no cortical bundles are found, 
while in a somewhat higher part twenty-four of them are found. 

As the cortical bundle is not accompanied by the sclerenchymatous 
sheath, its presence and position are difficult to recognize at first sight, 
especially, the bundle near the leaf-gap is very difficult to distinguish 
from the root-trace. The course and position of the cortical bundle are 
somewhat irregular, and the number of bundles belonging to each gap 
is also inconstant. The bundle appears in the cortex, and ascending 
through it fuses with the stelar margin at the leaf-gap. In its course, 
it coalesces with other bundles. The upper end fuses with the lateral 
corner of the inferior turning of the stelar margin, but its fusion has no 
important influence on the stelar form. 

In the histological structure of the stems, the types present no 
essential differences. The arrangement of petiolar bundles is also the 
same in all types. 


SUMMARY 


1. The outline of the sclerenchymatous sheath of the stem stele of 
Cyathea spinulosa may or may not be influenced by medullary bundles. 
In the former case, it shows irregular denticulations, and sometimes is 
interrupted forming small gaps. 

2. In the stem of Cyathea spinulosa, cortical bundles may or may 
not be found. Their occurrence is inconstant, and their number is also 
inconstant. They appear in the cortex, and ascending through it fuse 
with the stelar margins at the leaf-gap belonging to the inferior region. 
They branch sometimes, and connect with one another. 

3. Cyathea spinulosa in Japan shows some types different in struc- 
ture, but these types are not distinctive, as there are intermediate types 
between them. So far as the form of the meristele is concerned, how- 
ever, the plant from Formosa represents a type differing from the plants 
of other regions. 


266 Y. Ogura 


VII. Cibotium Barometz, Sm.* 


Cibotium Barometz is a Cyatheacean species distributed widely in 
the tropical regions of Asia, such as the South-West Islands of Japan, 
South China, Malacca, etc. 

For the purpose of anatomical investigation, the writer collected the 
greater part of his material at Sózan, near Taihoku, Formosa, in August 
1925, but some materials were also collected at Okinawa Island, the 
Loochoos, in December 1925. 

The stem is short and always creeping. Its surface is covered 
closely with long golden hairs. Leaves and roots emerge from all sides 
of the stem, the former growing upwards and the latter downwards. 
The leaves have tripinnate laminae, the underside of which has a 
whitish appearance. 

The anatomical structure of this plant has been given by certain 
authors. PARMENTIER (1899) studied the vascular strands of the 
petiole, but touched on no other points. Gwynner-VauGHan (1903) 
figured a diagrammatic solid model of the stele, showing the form of 
leaf-gaps and the mode of branching of leaf-traces. According to his 
figure, the stele has a form intermediate between a solenostele and a 
dictyostele, but he gave no detailed explanation. Bownr (1921) gave a 
figure of a cross section of a stem, showing the circular stele with no 
sclerenchymatous sheath. 


A. Cross SECTION OF THE STEM 


A cross section of a stem gives an irregular outline owing to the 
attachment of petioles (Fig. 50). The outline of the stem is circular, 
but the petiolar bases are relatively large, in some cases being nearly 
as thick as the stem itself, so that in the cross section of such a part, the 
petiolar base bulges out of the stem considerably (Fig. 50) Moreover, 
the bases of two or three leaves may occur in the same cross section of 
the stem, thus giving its outline an irregularly rugged form. Ina plant 
of moderate growth, for example, the stem itself may have a diameter 
of 27mm., while the petiolar base may bulge out about 20mm., and 


at a level where two leaves are situated side by side on the stem, the 
n O ee 

* The contents of the Part VII appeared in Japanese in the Bot. Mag. Tokyo, Vol. 
40, pp. 349-359, June 1926. 
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Fig. 50. Transverse section of a stem with petiolar bases. 
(nat. size) 


st, stele rt, root-trace 

lt, leaf-trace lf, leaf-base 
cross section takes an oblong shape, with the long diameter as much as 
65mm. The largest stem observed by the writer has a diameter 
of 50 mm. 

The outline of the stelar ring is circular like that of the stem; 
where the outline of the stem bulges out the stele follows it, the bulging 
part of the stelar ring is also constricted out of the ring leaving a leaf- 
gap (Fig. 50, st). At the outside of the bulging part of the stelar ring, 
numerous root-traces are found (Fig. 50, rt). The fundamental tissue 
is composed of whitish parenchyma, and no sclerenchymatous sheath is 
found on either side of the stelar ring. 


B. SOLID CONSTRUCTION OF THE STEM 


The solid construction of the stem was studied by means of 
consecutive cross sections through a length of 20mm. in a stem of 
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moderate size. In this part of the stem, there are four leaves, and the 
stele has four gaps arranged according to a type intermediate between 
2 and 3. Their arrangement is not influenced by the creeping habit of 
the stem. 

All of the leaf-gaps show the same structure (Figs. 51 & 52). 
Following a gap from the base toward the apex, the stelar ring bulges 
out together with the bulging of 
the stem surface. Such a part 
can be easily recognized, as its 
exterior is provided with numer- 
ous root-traces (Fig. 51, 1). The 
bulging of the ring becomes 
more and more prominent, 
until the part is nearly of the 
same size as the stele itself (Figs. 
50 right lower part & 51, 2-3). 
Then, the lateral sides of the 
bulging part thicken, and from 
each inner surface of the thick- 
ened portion of the stelar ring a 
new stelar branch arises project- 
ing into the central portion of 
the bulging part in a hook 
(Fig. 51, 3-4). The outer part 
of this constriction corresponds 
to the leaf-trace. Following it 
still further forwards, the heart- 
shaped trace becomes separated 
from the stem stele as an inde- 
pendent leaf-trace (Fig. 51, 
4-5). The stelar ring is inter- 
rupted by the parting of the 

Fig. 51. A series of cross sections of a trace. This interrupted part ls 
ate yi eu ye fs ES of the leaf-gap, which becomes nar- 
rower and narrower, and then 

is closed entirely (Fig. 51, 6-7). 

Prior to this, when the stelar part bulges out in a semicircular form, or a 
little below the appearance of the lateral constrictions, the outer median 
part of the bulging trace is divided into short ares (Fig. 51, 2-3). The 
division propagates laterally, and when the trace is separated from the 


Explanations in text. 
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stem stele in a heart-shape, the division takes place in the curved margins, 
so that, when the trace leaves the stem it is divided into twelve or more 
pairs of separate strands (Fig. 51, 6-8). At the same time, some of the 
divided strands on the lateral sides begin to project a little inwards 
(Figs. 50 right upper part & 51, 7-8). 


Fig. 52. Reconstruction of a leaf-gap, showing the mode of parting 
of leaf- and root-traces. (nat. size) 


A, External view 
B, Radiallongitudinal'section through the median line 


In this way, the leaf-trace which is detached from the stelar ring 
às & continuous band is divided into numerous strands, so that no 
distinct boundary separating the stelar ring from the leaf-trace 1s found 
(Fig. 52). When the bulging advances and the lateral constrictions 
occur, the limits of the leaf-trace can be recognized exactly. A little 
further forwards, the trace is detached from the stele, leaving a leaf-gap 
on the latter. Therefore, the gap has a fusiform shape as in Alsophila 
and Cyathea, but it is distinguished from of the latter by the absence of 
the distinct limit on the lower side. 

Two or three leaf-gaps overlap usually in a cross section, so that the 
stele is dictyostelic, but sometimes a solenostelic condition is found. 

The root-traces are parted from the stele at the part where the 
latter bulges out to form the leaf-trace (Figs. 51 & 52). In other words, 
the parting of the root-traces is associated with the leaf-gap or the leaf- 


trace. 


pinnate. 
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STRUCTURE OF THE LEAF 


Large leaves of this species attain a length of 3 meters, of which 
the lower half or one-third is the petiolar part. The lamina is tri- 


long golden hairs. 


Fig. 53. Cross sections of 
six different parts of a leaf- 
axis, showing the arrange- 


ment of vascular bundles. 


(nat. size) 


Extreme base of the 
petiole 

Base of the petiole 
Middle of the petiole 
Top of the petiole 

Base of the rachis 
Middle of the rachis 


In the young stage, the leaves, like the stem, are covered with 


In a cross section at the extreme base of 
the petiole of a moderate size, the outline 
shows a semicircular form flattened at the 
upper side, with a «diameter of 20 mm. 
There are about twenty pairs of vascular 
strands, most of which are arranged in a 
semicircular form parallel to the surface; 
there are also some pairs of strands pro- 


jecting inwards from the upper median side 


(Fig. 53, A). On each lateral side there is 
an interrupted part,and the strands which 
border this curve a little inwards. These 
parts are the limit of the superior and inferior 
series; the latter consists of about six pairs 
arranged semicircularly, and the former of 
about twelve pairs, each arranged in a 
triangular form. The part where the strands 
are in separated condition is short, and at a 
level a little above the petiolar base, the 
separate strands join end to end in a wavy 
form. For the first time, the inferior strands 
are connected in a semicircular band, and 
then the superior in two triangular bands (Fig. 
53, B-C). The lateral interrupted parts, i. e. 
the limit of the superior and inferior series, 
remain open. The mutual connection of the 
strands does not affect the position of the 
original strands; the wavy connected bands 
have the same outline as the separate strands. 

A little higher up, the lateral interrupted 
parts are also connected so as to form a single 
continuous band, but these parts are easily 
distinguished by the formation of grooves 
(Fig. 53, D). A connection of the strands takes 


bo 
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place for a short distance from the 
petiolar base, and throughout the 
greater part of the petiole and rachis, 
a single connected form is always 
seen (Fig. 53, E-F). Tracing it 
further upwards, the vascular band 
becomes smaller, and the number of 
its flexures decreases. 

The vascular bundie of a pinna- 
axis is of the same type as that 
found in the upper part of the 
rachis ; it consists of a small heart- 
shaped band with upper and lateral 
projections. In the branching of 
pinna-traces from the rachis-bundle, 
both lateral corners bordering the 
lateral grooves of the latter bulge 


Fig. 54. A series of cross sections 
Tres of a rachis through the base of pinna- 
out (Fig. 54, 1-2), and these parts axis, showing the mode of parting ot 


are then constricted off (Fig. 54, pinna-traces. (nat. size) 


Explanations in text. 


3-5). The upper trace opens at the 
upper median part in an arc, while the lower one assumes a ring-shape 
(Fig. 54, 3-5). These two traces approach, and fuse into each other, 
and the fused trace is transformed into a peculiarly curved arc-shaped 


bundle (Fig. 54, 5-6). 
D. HISTOLOGICAL STRUCTURE OF THE VEGETATIVE ORGANS 


The histological structure of the stem is simpler than in Alsophila 
and Cyathea. The surface of the stem is covered with long golden 
hairs, some of which are as long as 30 mm. (Fig. 55, h). On the sur- 
face, there is a layer of thin-walled parenchyma, and beneath it, is a 
layer of thick-walled fibrous elements (Fig. 55, sc). The fundamental 
tissue consists of whitish parenchymatous cells containing no mucilage 
sacs. At the boundary between fibers and parenchyma, particular 
cells, such as are found in Alsophila and Cyathea, are not seen. 

The meristele is relatively thin and is constructed according to the 
normal fern-type. The xylem occupies the central part of the meristele 
and consists of tracheids and parenchyma. The phloem is situated on 
both sides of the xylem, and on its external part there is a layer of 
tangential cells. The endodermis is distinct. The stele is not enclosed 
in any mechanical tissue. 


Fig. 55. Cross section 
of the external part of the 
stem. (magnified) 


h, hair 
ep, epidermis 
sc, sclerenchyma 
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In the petiole and rachis, under the 
epidermal layer is a thick sclerenchymatous 
layer. The hairs on the surface are of the 
same type as those found in the stem. The 
fundamental tissue is parenchymatous. The 
vascular bundle is enclosed in a distinct 
endodermis, on the outer side of which is à 
thin layer of fibroustissue. The xylem occupies 
the central part of the meristele showing a 
wavy outline, and inside the crest of each 
wave there is a protoxylem, usually accom- 
panying a small cavity, which is sometimes 
filled with tylosis-tissue. The phloem situated 
on the internal side of the xylem is somewhat 
indistinct. 

The root has a diarch bundle and a 
thick cortex. 


THe Youne PLANT 


The basal part of the rbizome tapers conically, and the surface is 
closely covered with hairs. 

Serial cross sections of a young stem were made as far as 45 mm. 
from the base, and by a comparison of them the solid construction of 


the stem was studied. 


In the first place, the general structure in four main regions in 
cross section will be given in the following table : 


Region A B € D 
Distance from the tip (mm.) 2 12 25 45 
Diameter of the stem (mm.) 2 7 8 10 
Diameter of the stele (mm.) 1 D 4 6 
Number of leaf-gaps 1 2 2 3 
Length of the leaf-gap (mm.) 3 5 8 10 
Number of leaf-traces (in pairs) 1 2 2-3 3 


The diameters of the stem and the stele increase nearly at the same 
rate from the basal tip toward the apex, also with a corresponding 
increase of the size of the leaf-gap. 

The arrangement of leaf-gaps is always radial, notwithstanding the 
creeping habit of the rhizome ; it is 2 at the base, and has a tendency to 
change to $ toward the apex of the stem. l 
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The mode of parting of leaf-traces is similar to that in the adult 
stem, but is simpler than the latter. A part of the stelar ring bulges 
out and is soon divided into several strands. In the young part, a band- 
shaped trace is divided into one or two pairs of separate strands. When 
the vascular strands of the petiolar base are less than three pairs, they 
are arranged in a circular form, but in the petiole with four or more 
pairs of strands, one or two of these pairs on the lateral sides show a 
tendency to project a little inwards. The ineurving becomes more and 
more prominent as the strands increase in number. At the same time, 
the projection of the strands in the median upper part makes its 
appearance, and gradually becomes prominent. 


F. Apventitious BUDS 


The rhizome of Cibotium Barometz often bears adventitious buds. 
In one material two buds were found, and in another six. The for- 
mation of the bud is not a rare phenomenon in this plant, and was 
recorded by Bowr& (1912). The bud is so small in size as to be con- 
cealed under the hairs of the stem surface. It is a spherical process 
with a pointed apex, its length being less than 10 mm. (Fig. 56). 

The vascular system of the bud is a branch of the stem stele. This 
branch is thin, but increases in size conically toward the bud (Fig. 57). 
The bundle at the lower part of the bud is constructed like a typical 
protostele, i. e. in the center there is a tracheidal mass which is 


Fig. 56. A sketch of a rhizome with three adventitious buds 
(b,-b4); hairs have been removed. (x8) 
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surrounded by a ring of phloem and then by an endodermis. Approach- 
ing the apex of the bud, in the center of the tracheids the parenchyma 
makes its appearance, followed by the 
internal phloem and then the internal 
endodermis. The solenostele thus 
formed broadens, and then narrows 
again toward the apex of the bud. 
The bud seems to be formed in 
association with the bulging of the 
leaf-trace. It has been observed that, 
in some cases, two buds are formed at 


Fig. 57. Cross section of the rhi- 
zome shown in Fig. 56 through the 
Dogs picos: eR ce the base of one and the same petiole 


(Figs. 56 & 57, b; bj). The writer has never seen the bud developed into 
a branch. It is possible that it develops and takes place of the stem 
when the latter 1s damaged. 


G. COMPARISON WITH THE CYATHEEAE AND THE AFFINITY 


The genus Cibotium constitutes together with two other genera— 
Balantium and Dicksonia—the tribe Dicksonieae, and is distinguished 
from the tribe Cyatheeae consisting of three genera—Cyathea, Hemitelia 
and Alsophila. The Cyatheeae include most of the Cyatheaceae, while 
the Dicksonieae include only a few. 

Let us now compare Cilotium Barometz with the Cyatheeae, and 
consider the relation between them. 


à. Creeping Habit of the Stem 


The stem of Cibotium Barometz is always small and creeping. 
Most of the species belonging to the Dicksonieae have tall erect stems. 
In the Cyatheeae, most species have erect dendroid stems, while a few 
have creeping rhizomes, e. g. Alsophila acaulis, Al. formosana. The 
creeping habit of the stem, therefore, cannot serve as a criterion for the 
distinction of the two tribes, the Cyatheeae and Dicksonieae. 


b. The Stele of the Stem 


The stele of the stem of Cibotium Barometz is a simple dictyostele 
or a solenostele. All of the species of the Dicksonieae have the ordinary 
dictyostele, while the Cyatheeae have the dictyostele with medullary 
bundles, and in some cases cortical bundles too. The presence or 
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absence of these additional bundles is one of the distinction between 
the two tribes. The two tribes, however, agree in the particular form of 
the leaf-gap, which determines the characteristic mode of parting of the 
leaf-traces, and may be distinguished from that of the Polypodiaceae. 


c. The Sclerenchymatous Sheath of the Stem Stele 


In the stele of the stem of Cilotium Barometz there is no brown 
sclerenchymatous sheath, which is one of the characters of the Cyathea- 
cean stems. This sheath is found in all species of the Cyatheeae and 
also of the Dicksonieae ; Cibotiwum Barometz is an exception in this 
respect. It has been stated that Alsophila blechnoides has not this 
tissue, but this species is not a true Alsophila-species and is included in 
another genus, viz. Metaryla’). Thyrsopteris elegans, a monotypic 
species, is another example without the sheath”). Whether the absence 
of the sheath ever occurs in other species of Cyatheaceae is not known. 
From this point, Cibotium Barometz deviates from the normal Cyathea- 
cean species. 


d. The Petiolar Bundle 


The petiolar bundle of Cibotium Barometz consists of a continuous 
wavy bundle, and at a short distance in the base, this bundle consists 
of separate strands. Other species of the Dicksonieae have petiolar 
bundles of a type similar to this. In the Cyatheeae, on the other hand, 
it is only in the upper part of the rachis that vascular strands are 
connected in a wavy form, and the greater part of the rachis and petiole 
have the separate strands. The arrangement of the strands, however, 
is similar in both tribes, and may be divided into the superior and 
inferior series, marked by the lateral projection. The upper projection 
in Cibotiwm Barometz corresponds to the same projection or to the upper 
isolated strands of the Cyatheeae. When the mutual connection of the 
strands takes place, it is done in the same in that, the connection takes 
place in the superior and inferior series respectively. The interruption 
between the two series is retained throughout the petiole and rachis in 
the Cyatheeae, while in Cibotium Barometz it is limited to only a short 
distance, both series being connected in a single continuous band in the 
greater part of the leafaxis. This is the greatest apparent difference in 
the petiolar bundles between the Cyatheeae and Cibotium Barometz. 


1) Bower, F. O. (1913) Ann. of Bot., Vol. 27. 
2) Bower, F.O. (1921) Proc. Roy. Soc. Edinb., Vol. 41. 
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e. The Mode of Parting of Leaf-Traces 


Leaf-traces in Cibotium Barometz are parted from the stem stele as 
a continuous band, which is divided into numerous separate strands in 
the base of the petiole, while those of the Cyatheeae are parted from the 
marginal part of the stele at the gap as separate strands. The outward 
curving of the stelar margin in the latter tribe is the preparation for the 
parting of leaf-traces, and it may be considered that leaf-traces are 
parted, at first, as a continuous band, which is then divided into 
separate strands. From this point of view, the marginal turning of both 
sides of the gap may be considered to be a part of the leaf-traces as in 
Cibotium Barometz; in the latter, however, the connecting part of the 
leaf-traces is not only the lateral sides, but also the whole sides of 
the gap. 

In the parting of the leaf-trace of Cibotium Barometz, the appear- 
ance of the curved process toward the center of the trace is a very 
characteristic feature ; this becomes the upper projecting strands in the 
petiole. Corresponding strands can be found in the leaf-traces of the 
Cyatheeae, in which, however, these strands are derived from medullary 
bundles. In the Cyatheeae, there is another series of internally project- 
ing strands on the lateral sides, which are derived also from medullary 
bundles. In Cibotium, the laterally projecting strands corresponding to 
those of the Cyatheeae are not so prominent. It is the fusion of the 
medullary bundles which makes the internal projections prominent in 
the Cyatheeae, while in Cibotium Baromet:, these projections have no 
relation to the medullary bundles. 


f. The Pinna-Trace 


Pinna-axes of Cibotium Baromet: have a vascular system similar to 
that of the upper part of the rachis. This relation holds good in all 
species of the Cyatheaceae. Moreover, the pinna-traces are derived 
from the lateral corners of the superior and inferior series of the rachis- 
bundles. In Cibotium Barometz, two traces thus parted are jointed so as 
to form a wavy band, while in the Cyatheeae they are separated through- 
out the pinna-axis. In the latter tribe, however, there is a small strand 
in the branching region, which connects the pinna-traces of both series. 
The behavior of this connecting strand in this tribe is similar to the 
mode of fusion of both traces in Cibotium Barometz. 
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g. Histological Structure 


The histological structure of the stele and the mechanical tissue at 
the stem surface of Cibotium Baromet: is similar to that of the Cyathe- 
eae. The presence of a layer of tangential cells in the outer part of 
the pholem is also the same. But, in Cibotium Barometz the scleren- 
chymatous sheath on both sides of the stelar ring and the mucilage sacs 
in the fundamental tissue are not found. In Cibotium Barometz 
there are filiform hairs, but scales, such as are always present in the 
Cyatheeae, are not found. 


h. The Sporangium 


Sori are borne within the bivalved parts of the margin of pinnules. 
The sporangium has a flattened 
ellipsoidal form and is provided 
with along stalk. The annulus 
is incomplete, about one-fifth of 
the whole ring consisting of some- 
what thin-walled stomium-cells, 
and the ring of the annulus is 
not interrupted by the stalk, that 
is, the stalk attaches to the lateral 
side of the ring (Fig. 58). The 
oblique position of the annulus Figs 58. 


Sporangia seen from two 
shows the Cyatheacean character, sides. (magnified ) 


A, Internal view 


and the presence of the stalk is B, External view 


one of the characteristics of the 
Dicksonieae. 


i. Conclusion 


In the characters above given, Cibotium Barometz differs from the 
other species of Cibotium in the absence of the sclerenchymatous 
‘sheath on the stelar ring, and in the creeping habit of the stem, while 
this species has internal characters and characterstie soral structure of 
the Cyatheaceae. The writer is not in the position to reach a final 
conclusion as to the affinity of the present species, until his knowledge 
of other species of this genus is more complete. 
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SUMMARY 


1. The stem of Cibotium Barometz is a creeping rhizome, which is 
covered with golden hairs. Leaves and roots are borne on the stem 
radially in spite of the creeping habit of the stem. 

2. The stem is dictyostelic or solenostelic. The leaf-gap has not 
distinct boundary, as the leaf-trace is parted from the stele as a 
continuous band. Neither medullary nor cortical bundles are present. 

9. The sclerenchymatous sheath on both sides of the stelar ring of 
the stem, which is one of the charaters of the Cyatheaceae, is not found 
in this plant. 

4. A part of the stelar ring bulges out, and the separate leaf-traces 
are derived by a division of the part. The bulging part has a heart- 
shape in cross section, which is retained until after the division. 

5. Root-traces are parted from the bulging part of the stele, or 
from the base of the parting leaf-traces. 

6. At the base of the petiole, vascular strands are arranged in 
two series; the inferior series in a semicircular form at the lower side, 
and the superior series in a T 7-shape, the arms of which are formed by 
the upper and lateral projections of the stelar margin at the gap. 

7. The region of the petiole, where the vascular strands are found 
separate, is very short, and at the part a little above the base, they unite 
together into three wavy bands. The lateral interrupted part, that is, 
the limit of the superior and inferior series remains unconnected for a 
short distance, before it forms a single continuous vascular band. The 
last form is found up to the very top of the rachis. The limit of both 
series is marked by the lateral grooves. 

8. When the pinna-trace is detached from the rachis-bundle, each 
lateral corner of the superior and inferior series of the latter elongates 
and gives off a small strand, and two strands thus parted connect in a 
continuous heart-shaped pinna-trace, which has the same form as the 
rachis-bundle. 

9. Hairs on the stem and leaves are filiform, and are not scaly. 

10. On the outer part of the stem is a hypodermal layer consisting 
of fibrous and parenchymatous cells. In the fundamental tissue, the 
fibrous tissue and mucilage sacs are not found. 

11. The stele of the stem shows the normal fern-type in his- 
tological structure. On the outer side of the phloem is layer of tangential 
cells. . 
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12. In the petiole, there is a thick hypodermis, and the funda- 
mental tissue contains no mucilage sacs. The vascular strand has a 
normal structure of the fern-type. 

13. Sori are borne ‘within the bivalved indusia at the margin of 
the pinnules. The sporangium is stalked. The ring of the annulus is 
oblique, and contains stomium-cells to a certain extent. 

14. Considering the above facts, Cibotium Barometz shows the 
general characters of the Cyatheaceae, but the absence of the scleren- 
chymatous sheath on the stem stele and the creeping habit of the stem 
are characters diverging from other species of the genus Cibotiwm. 


280 Y. Ogura 


VIII. Alsophilae from Formosa and the Loochoos* 


Several species of Alsophila have been recorded from Formosa and 
the Loochoos, of which only three, viz. Al. latebrosa, Al. podophylla and 
Al. formosana are actually found?. In a trip to Formosa in July 1925 
and to the Loochoos (Okinawa Island) and Oshima in December 1925 
and January 1926, the writer collected these three species. The follow- 
ing descriptions are based mainly on the material from Formosa, but 
partly on that from the Loochoos. 


I. Alsophila latebrosa, PR. 


This is the largest and most common tree-fern in Formosa and the 
Loochoos, and has been identified with Alsophila latebrosa, which is 
further distributed in India and Malacca. Scorr (1874) figured a part 
of the leaf, a cross section of the stem and petiole and other features of 
the same species based on material from British India. Judging from 
his figures, the writer is surprised to see that our plant from Formosa 
and the Loochoos is quite different in the structure of the stem and in 
the form of the leaf. If Scorr’s plant be truly Al. latebrosa, the 
Formosan plant appears to belong a different species. As the external 
features and internal structure of the stem and leaf of the Formosan 
plant almost coincide with those of Alsophila Bongardiana, these two 
plants may be considered to be in closest relationship. Having had no 
opportunity to examine Al. latebrosa from India or Malacca, the writer 
is not at present in a position to decide whether the identification of the 
Formosan species with the Indian is correct or not. 

This Formosan species is found also in the Loochoos and Oshima. 
The latter, situated at latitude 28° 20’ N. and longitude 129° 30’ E., 
seems to be the northern limit of its habitat. 

The present study was mainly made with material collected near 
Taihoku, Formosa, that collected from Okinawa Island and Oshima 
being used for comparison. 


* The contents of the Part VIII appeared in Japanese in the Bot. Mag. Tokyo, Vol. 
40, pp. 401-417, July 1926. 

1) Marsumura, J. et Hayata, B. (1906) Enumeratio Plantarum Formosanarum. 
Journ. Coll. Sci. Imp. Univ. Tokyo, Vol. 22; Hayara, B. (1916) Icones Plantarum 
Formosanarum, IV, Taihoku. 
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A. EXTERNAL FEATURES OF THE STEM 


The stem reaches a height of more than 10 meters, and bears 
characteristic leaf-scars on its surface. In a plant well grown, the lower 
part of the stem, up to about one meter in height above the ground, is 
covered with roots so densely that the stem itself cannot be seen; within 
the root-mass the stem tapers conically downwards. Above that part, 

i 7 MN the stem is cylindrical 
with a diameter of 
about 125 mm., and 
the leaf-scar shows an 
elliptical form with 
65 and 44mm. in 
longitudinal and 
transverse diameters 
respectively (Fig. 59, 
right) -The scars 
shows a $ spiral ar- 
rangement, and two 
neighbouring scars 
on the vertical row 
leave a space just 
wide enough for a 
single scar. Proceed- 


7 TIRE ing upwards, the ar- 
Fig. 59. Al. latebrosa; photograph of two parts of a k 
stem, showing the change of the mode of arrangement rangement of scars 


of leat-scars. (d) undergoes a gradual 
Right, Lower part with a 3 phyllotaxy 


Left, Upper part with the scars arranged in ten change, and at the 
vertical rows height of about 4 m. 


above the ground, it shows a quite different form. In this region, 
the stem has a diameter of 135 mm., and the leaf-scars, each circular in 
form, with an average diameter of 48 mm., are arranged in ten regular 
vertical rows (Fig. 59, left). 'lhis arrangement of scars in ten rows is 
derived from a # arrangement, as in Alsophila Bongardiana. In other 
specimens, the scars are arranged in eleven to thirteen vertical rows, 
and are in contact with one another. The arrangement of vascular 
strands in the scar is according to the normal Cyatheacean type, and 
the projecting parts of the superior strands are so long that the strands 
at the ends of both arms come in contact with each other (Fig. 61). 
The stem is covered with scaly hairs of a whitish or pale brownish 
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colour, but later they fall off, only those near the top of the stem 
remaining; in young plants and in those sheltered from the weather, 


? 


they remain relatively longer. 


B. Cross SECTIONS OF THE STEM 


The cross section of a stem at the basal part, having a 3 phyllotaxy, 
has a circular outline, 120mm. in diameter. The stelar ring, 92 mm. 
in diameter, lies within the periphery of the stem, and is interrupted 
by some leaf-gaps (Fig. 60, st). In a cross section, six gaps are usually 
found. On both outside and inside of the stele, a thick brown scleren- 
chymatous sheath is present (Fig. 60, sc). In the pith there are nearly 
315 medullary bundles (Fig. 60, mb). The bundles situated at the 


Fig. 60. Al. latebrosa; cross section of the stem. (X4) 
A—J, position of leaf-gaps st, stele 
sc, sclerenchymatous sheath lt, leaf-trace 
mb, medullary bundle rt, root-trace 


cb, cortical bundle 
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periphery of the pith enter the grooves of the sclerenchymatous sheath, 
some of them occasionally being enclosed entirely within the sheath. 
Though some of the bundles are accompanied by their own scleren- 
chymatous tissue, most of them are not. The bundles with the sheaths 
are found near the leaf-gap. The sheath is not always of a complete 
ring-shape, but may form a discontinuous ring or even an arc. 

In a cross section of the stem, cortical bundles are found usually 
numbering about 60, or 7-9 for each meristele (Fig. 60, cb). Most of 
them are in contact with the sclerenchymatous sheath of the stele, and 
enter its grooves slightly, just as do the medullary bundles, while some 
others are enclosed by distinct sclerenchymatous sheaths. The bundles 
of the latter type are found mostly near the leaf-gap. 

In a cross section of a part of a stem, with a diameter of 120 mm., 
or with leaf-scars arranged in ten vertical rows, the gaps are seen to 
occupy ten regular positions, and each meristele tends to become semi- 
circular owing to the closer approach of the gaps. The form of five 
gaps in alternate rows is similar, showing that five leaves of alternate 
rows are almost at the same level, as if they were in a whorl, as has 
been described in the case of Alsophila Bongardiana. The medullary 
bundles number 350, and the cortical ones 65, and both kinds, when 
situated near the sclerenchymatous sheath of the stele, enter deeply into 
the latter. The cross section of another stem, with a diameter of 
85 mm., has a circular outline, and the stelar ring is divided by three 
or four gaps, which show a $ phyllotaxy. The outward curving of the 
meristelic margin at the leaf-gaps is relatively indistinct. About 120 
medullary and 9 cortical bundles are found. 

The largest stem observed by the writer has a diameter of 155 mm. 


C. Soni» CONSTRUCTION OF THE STEM 


The solid construction of the stem, especially of the stelar system, 
was studied by comparing serial cross sections of a stem in the region 
with a 3 phyllotaxy. 

Here, the leaf-gap is twice as long as the corresponding leaf-scar. 
The marginal curving of the meristele at the gap recovers once at the 
upper part of the gap, and the leaf-traces parted from the upper and 
lower parts of this restricted region belong to the superior and inferior 
series of strands respectively. 

Medullary bundles anastomose in the pith in a very complicated 
manner, and their upper ends communicate with the stelar margins at 
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the leaf-gap. The number of bundles belonging to a leaf-gap is not 
constant; there are usually five 
or six pairs. They always com- 
municate with some leaf-traces 
belonging to the superior series. 
Usually, the first medullary bundle 
bifurcates a little before the fusion 
(Fig. 62, 1), and the inner branch 
enters the petiole directly, and be- 
comes a strand situated at the 
very tip of the laterally projecting 
superior series (Figs. 61 & 02, f), 
while another branch fuses with 
the stele and forms à process, and 
Fig. 61. Al. latebrosa; a leaf-scar show- the latter, being then separated as 


ing the arrangement of vascular bundles; — . MR mE 
parallel lines (1-8) correspond to the levels — à leaf-trace, 1s situated next to the 


of cross sections of Fig. 62; the lettering of one derived from the first branch 
the leaf-traces (a-q) corresponds to those 

of the same figure; c; and ce represent the (Fig. 62, 2-4). In some cases, the 
aea PoS first bundle fuses with the stele 
without bifurcating. Meanwhile, the original curved margin is 
separated successively as laterally projecting traces (Figs. 61 & 62, 
3-5, d-e), and the new margin derived from the fusion of the medullary 
bundle curves outwards again, and successive leaf-traces branch off 
from the margin (Fig. 62, 4-6). The following medullary buxdles fuse 
with the stelar margin at the gap, and produce some of the superior 
leaf-traces. Finally, two or three pairs of medullary bundles take a 
different course entering the petiole directly. In some cases, one of 
them bifurcates and both branches enter the petiole directly, or one of 
the branches enters the petiole and the other branch fuses to the stelar 
margin. In all cases, the last bundle or the last branch fuses with the 
stelar margin forming a process, producing the trace isolated at the 
upper median part (Figs. 61 & 62, 6-8, q). Though some bundles seem 
to enter the petiole directly, they also are branches of certain other 
bundles. Such is the case when the branching occurs at the lower 
level. 

Two pairs of cortical bundles belong to each gap (Fig. 62, c, ¢). At 
the level where two or three pairs of leaf-traces are parted from a gap, 
a pair of the cortical bundles near the gap becomes prominent, as each 
is enclosed in a sclerenchymatous sheath (Fig. 62, 1-3, cı); then another 
pair takes the same course (Fig. 62, 1-3, cj), and these two bundles 
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Fig. 62. Al. latebrosa; series of cross sections of a stem through a leaf-gap, 
showing the mode of parting of leaf-traces and the course of the medullary and 
cortical bundles. Sections in this figure correspond to the levels shown in 
Fig. 61, and the leaf-traces denoted by letters correspond to those shown in 
the same figure. (nat. size) 


Explanations in text. 

ascend side by side (Fig. 62, 2-5). At the level where the traces at the 
inferior lateral corner are given off, these two are enclosed in a common 
sheath (Fig. 62, 6), within which the two fuse into a single strand. 
Then, the fused bundle approaches the curved margin of the stele, and 
fuses there thus making the outward curving very prominent (Fig. 62, 7). 
The new margin thus formed is soon separated as a leaf-trace situated 
at the lateral corner of the superior series (Fig. 61 & 62, 8, h). In some 
cases, the cortical bundle fuses with the part belonging to the inferior 
strand temporarily, and separates again so as to fuse with the superior 
lateral corner. 


D. STRUCTURE OF THE LEAF 


The leayes are large consisting of muricated petioles and tripinnate 
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laminae. In a leaf of moderate size, the whole length reaching 2.5 m., 
a cross section of the petiolar base is semicircular, with transverse 
diameter measuring about 40 mm., or even 65mm. in the largest 
specimens. Proceeding upwards, 
the outline becomes smaller and 
circular, until at the distal part 
of the petiole the diameter 
measures 20 mm. 

The arrangement of vascular 
strands in the petiolar base shows 
the characteristic Cyatheacean 
type, as is seen in the leaf-scar 
(Fig. 63). At the petiolar base of a 
large leaf, with a lateral diameter 
of 40 mm., there are 47 pairs of 
strands (Fig. 63, A). Of the 


i : inferior lr: airs are 
Fig. 63. Al. latebrosa; cross sections of inferior 21 pars, 16 parre 


different parts of a leaf-axis, showing the arranged at the lower side in a 
arrangement of vascular strands. 


a 

G 

Q 
ley 


(nat. size) semicircular form, and the other 
= Pt eee eerie lateral 5 pairs project inwards, 
C, Lower part of the petiole and out of the superior 26 pairs, 
D, Middle of the petiole : $ 
E, Top of the petiole . ll lateral pairs project deeply 
F, Middle of the rachis 


inwards, and 12 pairs form the 
upper sheet with a semicircular form, the other 3 pairs being isolated 
under the upper arc. The lateral projection of the superior series is pro- 
minent, two strands at the ends of both arms being close to each other. 

Tracing the petiole upwards, we find that the strands connect with 
each other in a wavy form (Fig. 63, B). The arrangement of strands is 
not influenced by their connection, but the upper median part of the 
connected arc opens a little (Fig. 63, B). Then, the opening closes and 
the inner bundles become isolated (Fig. 63, C) Next, the arc opens 
again, and both margins thus formed join the internal isolated strands 
(Fig. 63, D). This three-banded formation is found at the middle or 
upper part of the petiole. At a part a little higher up, two superior 
bands connect to form a V-shaped band, while the inferior band is 
divided into two by the opening of the lower median part (Fig. 63, E-F). 
Still higher up, the inferior bands connect forming a single arc, and 
this shape may be maintained to the very tip of the rachis. 

In the basal part of a pinna-axis, two to four vascular bands are 
arranged in the same way as in the upper part of the rachis. The mode 
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of branching of pinna-traces is of the so-called extra-marginal type, two 
traces being parted from the lateral corners of the rachis-bundles. A 
short commissure connects the two series at the branching region. 


E. STRUCTURE or THE Roor 


Roots part from the basal part of the petiole as is usual in the 
Cyatheaceae. In the region extending from the base to the height of 
1m. above the ground, they are especially abundant forming a thick 
mass around the stem. As the plant grows larger, the root-mass be- 
comes correspondingly thicker. In one instance, the stem together 
with the enveloping root-mass measured 175 cm. in circumference, i. e. 
56 cm. in average diameter, while the stem itself measured only 13 em. 
in diameter. Roots are not borne on the higher part of the stem. 

Root-traces are parted from the stelar margins at the lower half of 
the gap or from the bases of leaf-traces just given off. 


F. HISTOLOGICAL STRUCTURE 


The tissue forming the outer layer of the stem usually falls off, but 
in small plants or in plants in sheltered positions, the surface is covered 
with scales. Under the epidermis, there is a parenchymatous layer, 
which is followed by a fairly thick sclerenchymatous layer. These 
layers are brownish in colour. When the external layer falls off, the 
external part of the parenchymatous layer is exposed. Between the 
internal fundamental tissue and the sclerenchymatous layer is inter- 
posed a layer of peculiar cubical cells. The sclerenchymatous sheath 
on both sides of the meristele is thick, about 3-4 mm., and is composed 
of typical sclerenchymatous fibers. 

The meristele, with a thickness of 2-3 mm., is of the normal fern- 
type. The xylem consists of tracheids and parenchyma, and on the 
external surface of the phloem, is a layer of tangential cells. But, the 
presence of the latter is not constant, sometimes being replaced by a 
layer of mucilage cells, or longitudinally elongated cells. Sometimes, 
both kinds of cells are found in one and the same layer, so that the two 
kinds of cells, tangential and mucilage cells, may be of the same 
histological origin, the only difference being in their direction, either 
horizontal or vertical. 

The fundamental tissue consists of whitish parenchyma, in which 
mucilage sacs are enclosed. 

The medullary and cortical bundles have the same histological 
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structure; they are protostelic. The xylem in a small bundle consists 
of only a tracheidal mass, but in a larger one it contains a parenchyma- 
tous pith, and in the largest bundles a central cavity is found. The 
sclerenchymatous sheath which surrounds each bundle is composed of 
fibrous elements. 

In the petiole and rachis, beneath the external parenchymatous 
layer, is a thick sclerenchymatous sheath, the fundamental tissue of 
which includes some mucilage sacs. The vascular strand is of normal 
construction, and at the inner median part of the curved xylem is the 
protoxylem, usually with a cavity. Surrounding the bundle, on the 
outside of the endodermal layer is a sclerenchymatous sheath. 

The root is constructed according to the normal type, i.e. within a 
thick layer of the cortex is the central stele of a diarch form. 


G: Tur YOUNG PIANT 


The stem of the young plant tapers conically toward the lower tip, 
and on its surface numerous leaf-scars are seen. In order to ascertain 
the internal structure, the stem of a young plant with a constricted part 
was used for investigation. Serial cross sections at the basal part of 
this plant, as far as 130 mm. from the basal tip, were made. The 
general features in the main regions were as follows: 


[ 

Region AX SBISCSSIDZGESSISN CUN NEDS MED 
Distance from the lower tip (mm.) 2|11.18 | 31 | 46 | 63 | 86 111 |138 
Diameter of the stem (mm.) Ol Sal Osa 20S PSI OON TEE 
Diameter of the stele (mm.) TO ESSE SS eae OG MTS 
Number of leaf-gaps Neale lire Bok | ah eas, e NUS NUT 
Length of the leaf-gap (mm.) suco st sn GEOP EDD TG S alisy MTS 
Number of leaf-traces (in pairs) 1 9-5 9s mA ZH TOROS ee frd 
Number of petiolar strands (in pairs) dw 23) cd GROSS Me Sfi M 
Number of medullary bundles OF S32 9d 16 33338 I EGÜS EROB ESO 
Length of the medullary bundle (mm.) ees yy aie ose esl Se em unes m 
Number of cortical bundles een CON CO Or Or) Sp) ve) % 
Length of the cortical bundle (mm.) x con a ess spese Ray 10927 || TS 


The size of the stem and the stele increases gradually upwards to 
Region H, whence it decreases for a short distance. The size of the 
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leaf-gap also increases, and their arrangement is 2 at the lower part, but 
changes gradually to 3, and in the upper part of this material the 
phyllotaxy is intermediate between 2 and 3. 

The number and mode of parting of the leaf-traces and the arrange- 
ment of petiolar bundles differ considerably at different levels of the 
stem. When the petiolar bundles are less than five pairs, they are 
arranged in a circle, but when they are six pairs one lateral pair of the 
superior series is situated slightly within the circle. In keeping with 
the increase of the bundles, the lateral projection becomes prominent, 
and in the case with nine pairs, the lateral two of five superior pairs 
project inwards, then also a lateral pair of the inferior series shows the 
same tendency. In the upper region (Region G), where there are four- 
teen pairs of petiolar bundles, the superior series consists of seven pairs, 
of which the lateral three and upper one project inwards, and of seven 
pairs of the inferior series, one lateral pair projects inwards. A little 
higher, one upper projected pair is found in an isolated state (Regions 
H-I). 

The mode of parting of the leaf-traces is influenced by the fusion of 
the medullary and cortical bundles, but the course of these bundles is 
very complicated, even in the young part. This condition makes it 
impossible to trace them exactly. The appearance of the medullary 
bundle takes place very early (a little above Region A), when the 
diameter of the stele is about 1mm. The first bundle which appears 
in the pith, ascends through the latter, and fuses with the meristele at 
the leaf-gap. The first three bundles fuse at one side of three gaps 
respectively, and the next ten bundles which appear also in the pith 
bifurcate, the two branches of each bundle fusing with the sides of the 
successive ten gaps. The stelar part connected by such a strand 
produces a leaf-trace corresponding to the last superior series. A little 
further upwards, the bundles which belong to a gap appear in pairs, 
and both bundles fuse with the stelar margins. But, sooner or later (in 
Region O), the mutual fusion of the bundles takes place, and the exact 
course of individual bundles cannot be traced completely. In Region 
D, a bundle which belongs to one side of a leaf-gap bifurcates just before 
ending, the former branch producing the first trace, and the last branch 
the last trace of the superior series. Their mutual connection is then 
complicated, and the number of branches which should be connected 
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with a leaf-gap becomes inconstant. When several pairs of them belong 
to a gap, the first pair produces the first pair of traces, the last pair the 
last, and the intermediate pairs the intermediate traces of the superior 
series. 

The cortical bundle appears in Region G, i.e. far later than the 
medullary bundle. The bundles appear in pairs in the cortex, in 
contact with the outer surface of the sclerenchymatous sheath, and 
ascending through it connect with the stelar margins at the leaf-gap. 
Such a part is then separated as the leaf-trace situated at the lateral 
corner of the superior series. The bundles repeat this process regular- 
ly, and their length gradually increases. 

Now, in the adult plant, there are two pairs of cortical bundles 
belonging to each gap, while in the young plant there is only one pair. 
Even in the material with a diameter of 80mm. or more, there is but 
one pair of them, while some of the bundles bifurcate in their course, 
and these two are jointed into a strand again before they end. This 
may be the type transitional from the young to the adult form. 


Il. Alsophila podophylla, Hx. 


The stem of Alsophila podophylla is erect and relatively small. Its 
usual height is 1-2 meters, but sometimes it grows as high as 3 meters. 
The bases of petioles, which are dark violet brown, are left on the stem, 
densely covering the latter. Roots are grown all around the stem, and 
cover its surface. The leaf is characterized by the bipinnate lamina. 

This species is distributed widely in the South-West Islands of 
Japan, South China and Siam. Most of the material used was collected 
at Urai, near Taihoku, Formosa, but some came from Okinawa, one of 
the Loochoo Islands. 


A. Cross SECTION OF THE STEM 


A cross section of the stem is circular, except at points correspond- 
ing to the attachment of petioles, where projections give it the form of 
an irregular polygon (Fig. 64). Usually, the diameter of the stem is 
nearly 60 mm., that of the largest stem observed by the writer being 
about 90mm. The stelar ring situated at the periphery of the stem is 
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Fig. 64. Al. podophylla; cross section of the stem. 


(nat. size) 
Abbreviations as in Fig. 60. 
provided on both sides with sclerenchymatous sheath. Medullary bun- 
dles are very prominent, because of the presence of a very thick brown 
sheath enclosing each bundle (Fig. 64). Cortical bundles are not found. 

The stelar ring is divided into six or seven meristeles, and the 
margins at the gap curve outwards, and give off leaf-traces and root- 
traces successively. The meristele, therefore, is are-shaped, and is 
enclosed in a very thick sclerenchymatous sheath, the outline of which 
is not usually influenced by the medullary bundle. 

The medullary bundles, 170-200 in number in a cross section, are 
distributed uniformly in the pith. Most of them are enclosed in 
distinct sheaths. The latter are usually ring-shaped, but in smaller 
bundles they are are-shaped. Two or more bundles are occasionally 
enclosed in a common elliptical sheath (Fig. 64). 


B. Sorip CONSTRUCTION OF THE STEM 


By comparing successive cross sections, the writer was able to see 
the solid construction of the stem, especially of the stelar system. 
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The stele of the stem is a hollow cylinder, the wall of which is 
perforated by numerous leaf-gaps which follow in $ phyllotaxy. The 
stelar margin at the gap curves outwards considerably, and from it the 
leaf-traces branch off successively. The entrance of the gap is fusiform 
with a longitudinal axis of about 30 mm., and the outward curying of 
the lateral margins recovers once near the upper end, so that the 
marginal curving is constricted; the leaf-traces which branch from the 
upper and lower parts of the constricted portion belong to the superior 
and inferior series respectively. There are about twenty pairs of 
vascular strands at the base of 
a petiole, and they are about 
equally divided into two series. 

The solid construction of 
a leafgap and the course: of 
the medullary bundles will 
now be described, from cross 
sections made from below up- 
wards (Fig. 65) The stelar 
ring bulges out at the lower 
part of the gap, and this final- 
ly opens (Fig. 65,1). The gap 
broadens gradually, and at the 
same time, the margin curves 
outwards giving off successive 
leaf-traces (Fig. 65, 2-3) At 
the level where the leaf-traces 
reach as many as six or seven 
pairs, they are arranged in an 
arc, and some pairs of medul- 
lary bundles are arranged 
in two rows, two or three 
bundles being enclosed in a 
common sheath (Fig. 65, 3-4). 
Tracing these upwards, we 
see that the first pair of the 

Fig. 65. Al. podophylla; series of cross medullary bundles fuses with 
sections of a stem through a leaf-gap, showing the inner surface of the curv- 
Sema eng of prr end tbe oq stlar margin, forming a 

epee (nat. size) pies pointing inwards (Fig. 
65, 3-4). At the same time, 
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the curved part of the original stelar margin is parted, and produces the 
laterally projecting leaf-traces of the inferior series (Fig. 65, 4-5). The 
process made by the fusion of the first medullary bundle becomes the 
new margin (Fig. 65, 4). Then, from this new margin leaf-traces cor- 
responding to those at the lateral projection of the superior series are 
given off (Fig. 65, 5-6). The gap broadens gradually, and the margin 
curves again. Meanwhile, some of the medullary bundles at the leaf- 
gap are enclosed in a common sheath, within which they are fused into 
a strand (Fig. 65, 3-5), which in turn fuses with the inner face of the 
curved stele to form a process (Fig. 65, 6-7). This process and the 
curved stelar margin are then, as a whole, separated from the stele 
(Fig. 65, 7), and this part is divided into some leaf-traces situated at the 
upper sheet. Prior to the fusion of the last medullary bundle, it 
bifurcates, the outer one of the two going to the petiole directly without 
communicating with the stele (Fig. 65, 6-8), and situated in the petiole 
at the median upper part, it projects deeply inwards. 

In short, though there are some pairs of medullary bundles in each 
leaf-gap, they are combined with each other, until at the upper part of 
the gap they fuse into two pairs. These two produce the first and last 
pairs of the superior leaf-traces, while a branch derived from the last 
pair directly enters into the petiole, in which it projects deeply in the 


median part. 


C. STRUCTURE or THE LEAF 


- 


'The leaf is usually 2.5 m. in length, and the petiole is relatively 
short reaching from one-third to one-fourth of the whole length of the 
leaf. The petiole has numerous small spines on the lower side, especial- 
ly at the basal part. Throughout the petiole and rachis, lenticels are 
arranged in a row on each lateral side. * 

A. cross section of the petiole at its basal part has a semicircular 
outline flatténed on the upper side. Petiolar strands are arranged in a 
peculiar manner (Fig. 66, A). Ina petiole with a diameter of 25 mm., 
there are 22 pairs of strands, of which 12 pairs belong to the superior 
series, and the other 10 pairs to the inferior. Out of the latter strands, 
8 pairs are arranged in a semicircular shape at the lower side, while 
the other 2 pairs project inwards. The superior strands are arranged 
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in a J7-form, the longer arm of which 
consists of 4 pairs corresponding to the 
lateral projection, and the other 8 pairs 
are situated at the upper side, while 1 or 
2 pairs at the median part project some- 
what inwards forming the short arm of 
the 7. 

Tracing the petiole upwards, we sce 
that the outline in cross section becomes 
circular, and vascular strands fuse to 
each other, so that in the upper part of 
the petiole, each of the superior and in 
ferior strands becomes 7 pairs, arranged 

Tig: Bb CAI SS in the samo wayi as those in the basal 
sections of different parts of a leaf- part (Fig. 66, B). Proceeding still further 


axis, showing the arrangement of ENA XA As Ec DT. : : 
vascdldbiar s S upwards, the neighbouring strands fuse 


. _ (nat. size) together side by side in a wavy form, 
A, Base of the petiole = : » : 
uy Middle of the petiole and at the middle part of the rachis, 
, Top of th i 
D, Middle ae there are four such wavy bands, two 


superior and two inferior (Fig. 66, C-D). 
Further upwards, the long arms of the superior strands are connected 
soas to form a V-shaped superior band, and the inferior bands fuse 
also to form a curved band. This form with two bands of the vascular 
system is retained up to the summit of the rachis. 

The mode of branching of pinna-traces from the rachis-bundle is of 
the so-called extra-marginal type. Two small strands which are con- 
stricted off from the corners of the superior and inferior series of the 
rachis-bundles enter the pinna-axis, in which they show an arrange- 
ment similar to that in the upper part of the rachis. In the branching 
part there is a small strand which connects the two traces. 


D. STRUCTURE or tHE Root 


The roots, which are adventitious, are borne all around the stem, 
and run down among the petiolar bases, covering the stem surface, as 
is usually the case in tree-ferns. Their course is influenced by the 
crowding of the petioles, so that they appear as if they were anastomosing 
with one another in an irregular manner. In this species, it is 
characteristic that several roots spring out of the petiolar remnant 
upwards as a small mass, and when they are long, they turn at first 
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upwards and then their terminal ends hang down. Some of the roots 
penetrate into the petiole through the half-decayed surface. The funda- 
mental tissue of the petiole decays early, but the external hypodermal 
layer persists for a long time, the layer on the outer side of the petiole 
being resisted to decay than that of the inner wall. Thus, the roots 
which penetrate into the petiole through the inner wall cannot always 
penetrate the outer wall of the petiole, so that they go downwards into 
the fundamental tissue of the petiole, or else are obliged to turn up- 
wards, until they emerge out of the petiole. This course of the root, 
therefore, has nothing to do with its negative geotropism. 


E. HISTOLOGICAL STRUCTURE 


The histological structure of the stem of this species is of the 
normal Cyatheacean type, and needs no further explanation. The 
most characteristic feature of this species is the development of the 
sclerenchymatous tissue to form the hypodermal layer, the sheath on 
both sides of the stele and also the sheath of each medullary bundle. 
In a plant of moderate growth, the hypodermis measures about 1 mm. 
in thickness, of which the outer half consists of parenchyma and the 
inner half of sclerenchyma. The meristele has an average thickness of 
2 mm., and the sclerenchymatous sheath which surrounds it is as thick 
as 2-3mm. The meristele consists of the central xylem and the 
phloem on both sides, and on the external part of the latter there is a 
layer of tangential cells. Mucilage sacs are found in the fundamental 
tissue. At the boundary between the sclerenchyma and fundamental 
tissue there is a peculiar layer consisting of cubical cells. The 
medullary bundle is protostelic consisting of the central xylem and the 
surrounding phloem-layer. In the smaller ones, the xylem consists of 
a tracheidal mass, but in the larger it contains a parenchymatous pith. 

Under the thin subepidermal parenchymatous layer of the petiole, 
is a sclerenchymatous hypodermal sheath. The separate bundle in 
cross section has a form somewhat curved, and is surrounded by a 
layer of fibers. The xylem is arc-shaped, and at the median inner side 
there is a protoxylem with a cavity. The phloem surrounds the xylem, 
and is much thicker on the inner side of the xylem-are than on the 
outer side. 

The root structure is of the normal fern-type; surrounded by a 
thick cortex, the stele has a diarch bundle. E 


bo 
eo 
[on] 


Y. Ogura 
EF. THe YOUNG PLANT 


The young plant of this species tapers toward the lower tip conical- 
ly, and is covered with petiolar bases. Serial cross sections of a young 
stem through a length of 60mm. were made, and by a comparison of 
them the solid construction of the stem was studied. 

In the first place, the size of the stem and stele, the number of leaf- 
traces, the number and length of the medullary bundles, ete. in six 
main regions will be shown in the following table: 


Region A B C D E FE 
Distance from the lower tip (mm.) 1 3 6 13 21 40 
Diameter of the stem (mm.) 4 7 10 19 20 40 
Diameter of the stele (mm.) 2 4 6 11 10 itg 
Number of leaf-gaps 2 3 3 3 4 4 
Length of the leaf-gap (mm.) - 1 9 6 9 11 
Number of leaf-traces (in pairs) 1 H 2 2 3 5 
Number of petiolar strands (in pairs) if 1 2 3 4 7 
Number of medullary bundles 0 0 5 12 22 46 
Length of the medullary bundle (mm.) - E 3 6 10 25 


The increase in size of the stem and stele from the tip upwards is 
gradual. The size of the leaf-gaps increases in the same way, and their 
arrangement, i.e. the phyllotaxy is 2 at the basal part, and changes 
gradually to 3 toward the stem apex. Leaf-traces are given off in 
succession from both margins of the leaf-gap, and some of them are 
divided in their course, so that the petiolar bundles become more 
numerous than the parted leaftraces. In a petiole with three pairs of 
vascular strands, they are arranged in a cireular form, but in one with 
more than four pairs of strands, at least one pair on the lateral side 
projects inwards. 

The medullary bundle makes its appearance a little below Region 
C, or near the tenth leaf-gap. Proceeding upwards, the number of 
bundles increases gradually. The bundles which belong to each gap 
are usually one pair, which appears in the pith below the corresponding 
gap, and ascending through the pith fuses with the stelar margin, the 
fused part being parted as the last or upper median leaf-trace. A little 
higher up (Region E), the medullary bundle bifurcates a little before 
fusing; one of the branches continues the same course as in the former 
case, while the other branch fuses with the lateral side of the stelar 
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margin, and produces the first strand of the superior series. Irregulari- 
ties are sometimes met with, e.g. in some cases, a medullary bundle 
bifureates but the two branches fuse into one before ending, and in 
another case, two strands which appear in the pith fuse into one. 

The sclerenchymatous sheath surrounding the medullary bundle is 
very prominent even in the young plant. It appears in company with 
the bundle, but sometimes the sheath-tissue appears before the bundle 
itself, so that isolated sclerenchymatous masses are often found in the 
pith. 


G. ApveENTITIOUS Bups 


In a stem with a diameter of about 50 mm., numerous adventitious 
buds in groups were found, the one group consisting of six buds and 


Fig. 68. Al. podophylla; sections of the 


Fig. 67. Al. podophylla; a sketch of a stem with adventitious buds. (nat. size) 
part of the stem with adventitious buds. A & B, Radial longitudinal sections 
(x3) C&D, Transverse sections 
: St, stele b, bud 


sc, sclerenchymatous sheath 


the other of three (Fig. 67). The buds are small in size, usually 
5-15 mm. in length, and even in the largest the length is only 30 mm. 
The bud tapers toward the base and broadens upwards conically, as in 
the young plant. It is covered with remains of petioles, and living 
leaves, which reach a length of 10-20 cm., are found only at the apical 
region of the bud. 

It is very remarkable that the vascular system of the bud has no 
connection with that of the stem. Involved within the brown hypo- 
dermal layer of the stem, is an irregular mass of vascular tissue, a part 
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of which elongates outwards into the bud, and constitutes the vascular 
system of the latter (Fig. 68). This irregular mass of vascular tissue in 
the hypodermis may be completely included within it, or may extend 
somewhat to the outer part of the fundamental tissue; but in no case 
does it communicate with the stem stele itself. Such independence of 
the vascular system of the stem and of the bud is very peculiar, and the 
writer thought, at first, that spores might have germinated on the stem 
and developing buds penetrated into the stem tissue. But, at the 
boundary between the irregular stelar tissue of the bud and the sur- 
rounding tissue of the stem, there are no indications of their being 
crushed or disturbed. 

The bud has a diameter of 3mm. at its base, and the stele within 
it shows a protostelic or solenostelic structure. In the latter case, the 
stele has a brown sclerenchymatous mass in the center. Upwards, we 
see that the solenostele becomes larger, and a part projects so as to give 
off a pair of leaf-traces, and through the leaf-gap the sclerenchymatous 
sheaths on both sides of the stelar ring are connected. 

The sclerenchymatous tissue on the outside of the stelar ring 
appears, at first, in irregular masses along the stelar ring, and these 
gradually come together so as to form a continuous ring. The internal 
sheath, which appears in the pith as a mass, increases, and when the 
external sheath closes into a ring, the internal mass is made a ring- 
shape by the appearance of the central parenchyma. 


III. Alsophila formosana, Bak. 


The stem of Alsophila formosana is represented by a creeping 
rhizome which tapers toward the basal tip conically. It attains a 
length of 15cm. In a well grown plant, the diameter near the top 
reaches an average length of 35mm. Leaves and roots are borne on 
the stem radially, thus giving the stem a dorsiventral appearance. In 
general features, therefore, it resembles Alsophila acaulis. 

This species is believed to be endemic to Formosa. The material 
used was collected at Sózan, near Taihoku, Formosa. The writer 
collected this plant also in the Okinawa and Oshima Islands. 


A. Cross .SECTION OF THE STEM 


A. stem of a moderate size generally exhibits a triangular shape in 
cross section owing to the attachment of petioles (Fig. 69). Its average 
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diameter reaches 35 mm. The stelar ring, whose average diameter is 
29 mm., has generally three gaps, where the stelar margins elongate 
outwards and give off leaf-traces. From 
the relative position of the gaps, the 
phyllotaxy is easily seen as nearly 2. 
The meristele is relatively thin, and 
provided externally and internally with 
sclerenchymatous sheaths. 

In the pith, thirty-five medullary 
bundles are found in a cross section, 
and nearly all of them are enclosed in 
brown sclerenchymatous sheaths. The 
sheath is usually of an irregular are- 


shape, but in r ases is rino-sh: j ; 
: ape, but in rare cases is ring shaped BEN UP tls E atee cross 
The bundles are numerous in the central section of the stem. (nat. size) 


part of the pith. Some of the bundles Abbreviations as in Fig. 60. 

are in contact with each other; in such a case, the sheaths which 
surround two or more bundles connect so as to form the irregularly 
connected common sheath, which is one of the characteristics of this 
species. 


B. SoLID CONSTRUCTION OF THE STEM 


Though the stem is prostrate, exhibiting a dorsiventral appearance, 
the attaching points of leaves are in a regular radial position following 
a 2 phyllotaxy, which is most clearly seen by the relative positions of 
leaf-gaps on the stelar ring. The leaf-gap is fusiform, about 10 mm. 
in length, its marginal parts turning outwards. 

Two pairs of medullary bundles belong to each leaf-gap, and are 
connected with the first and the last pairs of superior leaf-traces. The 
attaching point of the first bundle corresponds to the recovering part 
of the outward curving of the stelar margin. Tracing the medullary 
bundles downwards, they are connected with each other in their course, 


but finally end blindly in the pith. 


C. SmvRUCTURE OF THE LEAF 


The leaf reaches a length of 2 m., of which the lower half or two- 
thirds is the petiole, the lamina being of relatively small size. The 
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cross section of the petiolar base is nearly 
circular, though the upper side is somewhat 
flattened. There are nine pairs of vascular 
strands arranged in the Cyatheacean type 


Qe, (Fig. 70, A). Of these, four pairs belong to 
or the inferior series arranged on the lower side 
Reed semicircularly, while the other five pairs of 
D À the superior series are arranged in a J'7-shape, 


the longer arm of which consists of two 


Fig. 70. Al. formosana; cross strands projecting laterally, and the shorter 
sections of different parts of a 


leaf-axis, showing the arrange- arm of one strand. Tracing the petiole up- 


ment of vascular strands. 
ee as (nat. size) Wards, we find that the number of strands 


A, Base of the petiole lecreases gradually by the fusion of adjacent 
B, Middle of the petiole m M ue J 
C, Top of the petiole strands, until at the middle part of the 


D, Mi shi . . 
Beeps SN raca petiole, three pairs are found in each series 


(Fig. 70, B). Higher up, the strands connect in four wavy bands, and 
at last, the two superior bands connect in a V-shaped band, and the two 
inferior also fuse into one (Fig. 70, C-D). 

The branching of pinna-traces takes place after an extra-marginal 
type, that is, they branch from the lateral corners of the superior and 
inferior series of the rachis-bundles, and are connected temporarily by 
a short commissural strand. 


D. HISTOLOGICAL STRUCTURE 


The stem and leaf exhibit the normal Cyatheacean type in his- 
tological structure, but as they are of small size, the structure is simple 
as in Alsophila acaulis. 

The outside of the stem is brown covered with scaly hairs, and in 
the subepidermal part there is a sclerenchymatous layer consisting of 
fibers. The sclerenchymatous sheath on both sides of the stelar ring 
consists of typical fibers, marked off from the fundamental tissue by a 
layer of cubical cells. The stelar ring is relatively thin, and on the 
external side of the phloem is a layer of tangential cells. The medullary 
bundle is constructed in a characteristic manner. Its xylem consists of 
a tracheidal mass, with or without parenchymatous cells. The scleren- 
chymatous sheath which surrounds the bundle has a very irregular out- 
line. In the fundamental tissue of the stem mucilage sacs are found. 

Beneath the epidermis of the petiole and rachis, there is a thick 
hypodermal layer of fibers. Each ofthe separate bundles has a semi- 
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circular outline. On the inner side of the xylem, is a protoxylem with 
an indistinet cavity. In the fundamental tissue some mucilage sacs are 
found. 

The root has a thick cortex, brown in colour, and the stele has a 
diarch bundle. 


E. 'THE Youne PLANT 


The basal tip of the stem of the young plant tapers conically, and 
remains of petioles cover the stem. The attachment of leaves is radial, 
though the stem is creeping. The stem is usually triangular in cross 
section, due to the attachment of petioles, the outline of the stelar ring 
following the stem outline. 

In order to ascertain the solid construction of the basal part of the 
stem, successive cross sections of a young plant were made, through a 
length of 60mm. from the tip. The numerical relation of each tissue 
in six main regions will be given below: 


Region A B C D E F 
Distance from the basal tip (mm. ) 2 il 15 24 37 56 
Diameter of the stem (mm.) 1 9 10 18 22 20 
Diameter of the stele (mm.) 2 4 6 10 12 15 
Number of leaf-gaps 3 3 3 3 3 4 
Length of the leaf-gap (mm.) - 4 8 10 12 15 
Number of leaf-traces (in pairs) 1 2 3 3 4 5 
Number of petiolar strands (in pairs) 1 2 3 | 3-4 5 6 
Number of medullary bundles 0 0 5 13 17 22 
Length of the medullary bundle (mm.) - - 11 15 20 


The increase in size of the stem and stele is gradual, and their 
diagram of development shows a regular parabolic shape. The size of 
the leaf-gaps also increases gradually, and their arrangement, i.e. the 
phyllotaxy, is not affected by the dorsiventrality of the stem; it is 3 at 
the base but has a tendency to change to 3 toward the top. Three gaps 
usually overlap in a cross section. 

Leaf-traces are few in number even in the adult plant, so that in 
the younger part they are only one to five pairs in each leaf-gap, of 
which the last pair usually bifurcates in the cortex of the stem, so that 
the vascular strands at the basal part of the petiole are more numerous 
than the leaf-traces parted from the corresponding gap. In the petiole, 


302 Y. Ogura 


when the strands are less than three pairs, they are arranged in a 
circular form, bat when there are more than three pairs, the lateral pair 
is so situated as to project somewhat inwards. 

Though the medullary bundles sometimes take an irregular course, 
most of them follow a general type. They appear in the pith, and 
connect with the stelar margin at the gap, the connecting part being 
separated as a leaf-trace situated at the upper median part of the petiole. 
The first appearance of the bundles takes place in pairs at a level a little 
below Region C. A pair of the bundles, which appears near the gap, 
ascends through the pith, and fuses with the stelar margin of the leaf- 
gap. Somewhat higher, the medullary bundle bifurcates, and the two 
branches fuse again into one, which connects with the stelar margin. 
Proceeding still higher upwards, the bifurcated strands fuse with the 
stele separately, one producing the first and the other the last leaf-trace 
of the superior series. In some cases, irregularities take place, e. g. two 
or three bundles combine into a single strand, or one bundle bifurcates. 
The length of the medullary bundles themselves increases in keeping 
with that of the gap; it is usually twice as long as that of the cor- 
responding gap. 


F. Apventitious Bups 


On the stem of this species adventitious buds are often found. In 
one plant two buds were borne. They are small and bear some leaves 
at the top. The stelar system of the bud has no direct connection with 
that of the stem, and the basal part of the bud stele is seated in the 
outer cortex of the stem, forming an irregular mass. The stele of the 
bud is a typical solenostele at the basal part. In general features, the 
bud is quite similar to that of Alsophila podophylla. 


Summary 


1. Alsophila latebrosa is similar to Al. Bongardiana in such external 
features as the larger size of the stem, the leaf-scars on the stem surface, 
the form of leaves, etc., and also in such internal features as the 
structure of the leaf-gap, the presence of cortical bundles, etc. 

2. The difference between Al. latebrosa and Al. Bongardiana, with 
regard to internal structure, lies in (a) that in Al. latebrosa the scleren- 
chymatous sheath surrounding the medullary bundle is found in the 
bundles situated at the periphery of the pith, while in Al. Bongardiana 
it is only in those near the leaf-gap, (b) that in Al. latebrosa there are 
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two pairs of cortical bundles in each leaf-gap, while in Al. Bongardiana 
only one pair, and (c) that at the base of the petiole of Al. latebrosa the 
vascular strands at the lateral projections are nearly in contact with 
each other, while in Al. Bongardiana they are separated. These 
differences are, however, not absolute, and in some cases it is found 
difficult or even impossible to make them distinctions. 

3. Alsophila podophylla is similar to Al. Ogurae in such external 
features as the moderate size of the stem, the remains of petiolar bases 
on the stem, the dark violet-brown colouring of the petioles, etc., and 
also in such internal features as the structure of the leaf-gap, the mode 
of parting of leaf-traces, the course of medullary bundles, the arrange- 
ment of vascular strands in the petiole, etc. 

4. Al. podophylla differs from Al. Ogurae, in internal structure, 
in that the sclerenchymatous sheath surrounding the meristele and 
medullary bundles is very thick and prominent. 

5. Alsophila formosana is similar to Al. acaulis in such external 
features as the creeping habit of the stem, the smaller size of the leaves, 
the dark violet-brown colouring of the petioles, etc., and also in such 
internal features as the structure of the leaf-gap, the mode of parting of 
leaf-traces, the course of medullary bundles, the arrangement of vascular 
bundles in the petiole, etc. 

6. Al. formosana differs from Al. acaulis, in internal structure, in 
that the sclerenchymatous sheath surrounding the medullary bundle 
shows an irregular outline, while in the latter species it is almost 
circular. 

7. In external features as well as in internal structure, Al. latebrosa, 
Al. podophylla aud Al. formosana are similar to Al. Bongardiana, Al. 
Ogurae and Ai. acaulis respectively, showing a close affinity between 
each two species. 

8. The histological structure of the vegetative organs in the three 
present species is of the normal Cyatheacean type. ‘Tangential cells’ 
and ‘mucilage cells’ on the outside of the phloem are of the same kind 
of tissue, the only difference lying in the different orientations of the 
cells. 

9. In Al. podophylla and Al. formosana, adventitious buds are 
found on the stem. The vascular system of the bud has no connection 
with the stem stele. 
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IX. General Summary 


From the observations on the structure of Japanese Cyatheaceae 
recorded above, the writer has reached the following conclusions. As 
the species thus far studied are comparatively few, a general conclusion 
based on the structure of all species of the Cyatheaceae.cannot be given, 
but it seems possible, notwithstanding, to form a general conception of 
the structure of the family. 


o 
e 


A. Systematic REVIEW 


In Japan the following species of Cyatheaceae have been found. 


Hes Distribution 
| Po ie Names Japanese Names 
and Synonyms In Japan Elsewhere 
Cyathea spinulosa W ALL.* Hego Bonins, Kiushiu, | South China, 
Loochoos, Formosa, Malacca, India 
Alsophila acaulis, Max.* Kusa-maruhachi | Shikoku (Endemic) 
Al. Bongardiana, Mxrr.* Maruhachi :| Bonins (Endemic) 
Cyathea Mertensiana, Bona. 
Al. contaminans, WALL. Buchi-hego Formosa Trop. Asia 
Al. denticulata, Bax. Nokogiriba-hego | Formosa(Endemic) 
Dryopteris denticulata, Hay. 
Al. Fauriei, Cur. Fumoto-hego Loochoos(Endemic) 
Al. formosana, BAx.* Chabo-hego Formosa, Loochoos 
Yambaru-hego | (Endemic) 
Al. latebrosa, Pr.* Hikage-hego Formosa, Loochoos| Malacca, India 
Hemitelia latebrosa, Merv. 
Al. Ogurae, Hay.* Me-hego Bonins (Endemic) 
Al. podophylla, Hx.* Oni-hego Formosa, Loochoos China, Siam 
Kuro-hego 
| Al. pustulosa, CHR. Hiyoke-hego Loochoos(Endemic) 
Al. subglandulosa, HANCE Nebari-hego Formosa/ Endemic) 
Dryopteris subglandulosa, Hay. Missen-hego 
Al. tomentosa, Hx. Aya-hego Formosa Celebes, Java 
Al. truncata, BRACK. Me-hego Bonins Celebes, Java 
| Hemitelia boninsimensis, Drgrs | Shima-hego Bonins (Endemic) 
Alsophila boninsimensis, CHR. 
Cibotium Barometz, Sm.* Takawarabi Formosa, Bonins, | Malacca, 
Cib. assamicum, Hx. Loochoos China 
Cib. glaucum, Sm. 
Dicksonia Smithti, Hx. Taiwan-taka- Formosa Philippines 
Dennstaedtia Smithii, MOORE warabi 
Balantium formosae, Cur. Taiwan-kaguma | Formosa(Endemic) 
Dennstaedtia formosae, Cur. 


* denotes the species described in this paper. 
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Cyathea spinulosa, the only species of Cyathea in Japan, is distributed 
widely in tropical Asia. Considered from the internal structure of the 
stem, it may be divided into four different types, which have been 
described as the Hachijo-, Bonin-, Loochoo- and Formosa-types. The 
internal structure of the stem of these four types shows quite different 
features, though the outward forms of the stem and the leaves seem to be 
identical. As there are also some intermediate or transitional types 
between them, these four types may be of one kinship. Thus, Cyathea 
spinulosa may be regarded as a variable species. 

Although more than ten species of Alsophila have been described as 
found in Japan, about half of them are doubtful, so that there seem 
really to exist only five or six species. True specimens of the doubtful 
species have not been collected by the writer nor by many other 
botanists”. Among the species actually known, Al. acaulis and Al. 
formosana have creeping rhizomes and small leaves as their character- 
istics ; these two species are similar in their general features. Al. Oqurae 
and Al. podophylla also are similar in general features, the stem being 
about 2 m. in height. Al. Bongardiana and Al. latebrosa have large stems 
reaching more than 10m. in height, and their leaves fall clear from 
their very bases, leaving the characteristic scars on the stem surface. 
Al. latebrosa from Formosa and the Loochoos has been identified with 
Al. latebrosa from India, but this identification is doubtful (VIII, p. 280). 
The Formosan and Loochooan species is rather similar to Al. Bon- 
gardiana, so that the two must be closely related species. 

Other species of Alsophila hitherto described were not collected by 
the writer. Al. contaminans and Al. tomentosa, which are common in 
tropical Asia, have been reported from Formosa, but it seems that some 
specimens of Al. latebrosa were incorrectly identified with these species. 
The case of Al. pustulosa from the Loochoos may be similar. Al. 
truncata was reported from the Bonins, but it is also doubtful. Al. 
subglandulosa and Al. denticulata are characterized by their inferior height, 
and have been thought by Dr. Hayata to be species belonging to 
Dryopteris, but their existence is still doubtful. 

Concerning the genus Hemitelia, its one species, Hem. bonin- 
simensis, was reported from the Bonins. The writer has examined a 
fragment of the original specimen preserved in the Berlin-Dahlem 
Museum, which has a distinct indusium and is very similar to Cyathea 


spinulosa. 


1) Hayara, B. (1916) Icones Plantarum Formosanarum. IV; p.155 
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Of the genus Cibotium, there is a species, Cib. Barometz, with a 
creeping rhizome, but its existence in the Bonins is doubtful. 

As of the genera Dicksonia and Balantium, D. Smithi and B. 
formosae were described. Many species of these genera are to be 
included in the Polypodiacean genus Dennstaeltia, and so, in the case of 
the present species, they may be properly classified as belonging to 
the latter genus and not to the Cyatheaceae. 

Thus, although more than eighteen species of Japanese Cyatheaceae 
have been described or reported, those that truly exist are apparently 
only eight. The reason for the larger number probably lay in the 
incompleteness of specimens and in undue haste in determination. The 
determination of ferns is usually based on the form of the leaves, but 
in the leaves of Cyatheaceae the form varies according to age, and differs 
even in different parts of the same leaf. The description of the Cya- 
theacean species is limited to only one part of the leaf, and determi- 
nation by such an imperfect description may lead to an erroneous con- 
clusion. The existence of species once described but not again actually 
found, may rest only on such carelessness. It is necessary to empha- 
size here, that in the description of the Cyatheacean species, the form of 
whole leaves, both young and adult, the character of stems, and, if 
possible, also the internal structure must be carefully considered. 


B. STRUCTURAL CHARACTERS AND THEIR 


APPLICATION TO ‘TAXONOMY 


In the plant-kingdom, a systematical group or family, the classi- 
fieation of which is based upon external characters, has often special 
characters in its internal structure. In ferns this tendency is quite 
remarkable, each family having its own special structural character. In 
some families, the genera, or even the sections of a genus can be 
distinguished clearly by their internal structure. In the Cyatheaceae, 
most of the species have large leaves and stems, and can be distinguished 
from other fern-families at a glance. But, in the young plants or those 
with small stems, it is often difficult to determine, whether they should 
be included in this family or not. The vegetative organs of this family, 
however, have special structural characters, which are so definite that 
the family can be easily distinguished from others, even in very young 
plants. 

The structural characters of this family are as follows; (1) the 
stem stele is dictyostelic, the stelar margin at the gap showing the 
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characteristic outward curving; (2) surrounding the meristele, there is 
a brown sclerenchymatous sheath; (3) the stem in most of the species 
is provided with medullary bundles, and in some cases with cortical 
ones as well; and (4) vascular strands in the petiole show the character- 
istic arrangement. 

The Cyatheaceae are classified into three tribes based on the external 
features (I, p. 141). These tribes may be distinguished also by the 
characters of their internal structures, as shown below : 

A. The stem has a polycyclic dictyostele, but the sclerenchymatous 
sheath and cortical bundles are absent. The petiolar bundle consists of 
a continuous wavy band... . . ... . s . Thyrsopterideae 

B. The stem has a dictyostele pr mrovided with the sclerenchymatous 
sheath. Medullary and cortical bundles are wanting. The petiolar 
bundle consists of a continuous wavy band.. . . . . . Dicksonieae 

C. The stem has a dictyostele provided with the sclerenchymatous 
sheath. Medullary bundles, and, in some cases, also cortical bundles 
are present. The petiolar bundle consists of numerous separate strands 
having the characteristic arrangement. . . . . . . . . . Cyatheeae 

Let us now consider the specifie difference in respect of internal 
structure. Of the Dicksonieae, the only one species, Cibotium Barometz, 
has been observed, so that the comparison of the species of this tribe is 
impossible. Of the Cyatheeae, the species show different types in their 
internal structure according to the size or the age of the individuals 
even in the same species. The size and shape of the stele or meristele, 
the number and form of the leaf-gaps, the thickness of the sclerenchy- 
matous sheaths, the number of cortical and medullary bundles, the 
number and arrangement of petiolar bundles, etc. are variable in 
different parts of one and the same plant, so that these characters can- 
not be used as standards for specific determination. The most useful 
standard for this purpose is the following, which may be applied to a 
eross section of any part of the stem; (1) the presence or absence of 
cortical bundle; (2) the presence or absence of dentieular formation of 
the outline of the sclerenchymatous sheaths of the meristele; and (3) 
the presence or absence, and the form of the sclerenchymatous sheaths 
surrounding the medullary and cortical bundles. 

The species which have been observed by the writer constitute only 
a part of this tribe, and it is uncertain whether these standards can be 
applied to all of the species. But, at least so far as the Japanese species 
are concerned, these standards can be constantly applied. The distri- 
bution of medullary bundles and the accompanying sclerenchymatous 
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sheaths are the most constant features and the most important factors 
in specific determination, so that in material which is devoid of the 
pith, or in dried specimens, the determination is difficult. 

The following table is given as the key for the specific determination 
of Japanese Cyatheeae, from the point of view of internal structure, in 
a cross sectios of the stem l 


I. In the stem there are medullary bundles but no cortical ones (Cyathean 
dictyostele; II, p. 202). 
A. Half of the medullary bundles have sclerenchymatous sheaths. 
a. Sclerenchymatous sheaths of medullary bundles are not of a ring-shape, 
but of a discontinuous arc-shape. 
1. The meristele curves in a shallow wavy form. 
a. The outline of the sheaths of the stelar ring is smooth. 
ae s . Cya. spinulosa (Hachijó-type) 
B. The P I v tho Shouths of the stelar ring shows the 
dentieculation. . . . 2... . Oya. spinulosa (Loochoo-type) 
2. The meristele curves TUR. in & horseshoe-shape. : 
: . . . Cya. spinulosa ganna type) 
b. Mort Bt ihe E RUPTA UE d: medullary bundles 


are ringsshaped. e scu cos eAbvOgurae 
B. Most of the medullary bundles boue A sheaths. 

a. The sheath is of an incomplete ring-shape. ... . . . Al. formosana 

b. The sheath is distinct and generally ring-shaped. 
1. The sheath is thin. . . ete Bode e ostio CHS 
2. The sheath is thick and uo distat SUUS se « Al podophylla 
II. In the stem there are medullary and cortical bundles (Alsophilan dictyostele ; 

V p. 260). 


A. Cortical bundles lack the sclerenchymatoussheaths. . . . . 
c . €ya. PRORA (Bonin-type) 
B. Cortical bundles kave the sclerenchymatous sheathe. 
a. Cortical bundles, two pairs in each gap. . . . . . .. . Al. latebrosa 
b. Cortical bundles, one pair in each gap. . .. . . . . Al. Bongardiana 


C. EnEOT AND CREEPING HABITS OF THE STEM 


The erect and creeping habits of the stem of the Cyatheaceae have 
been discussed in the case of Alsophila acaulis (IV, p. 234), and it is not 
necessary to repeat here. With some additional observations, the 
writer’s conclusions on this point may be stated briefly. 

The writer has observed three species which have creeping 
rhizomes :—Alsophila acaulis, Al. formosana and Cibotium Barometz. 

The genus Alsophila includes more than one hundred species, or 
about half of all the Cyatheaceae. In the species belonging to this 
genus, only one species, Al. blechnoides, was known to have the creeping 
stem, which is, however, different from true Alsophila, and is properly 
to be included in the genus Metarya (p. 234). Al. acaulis and Al. 
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Jormosana have creeping rhizomes, but they show the characteristic 
anatomical structure of the Cyatheeae, and can be included in the true 
Alsophila. This point must be taken as distinguishing these two species 
from the ordinary ones with erect stems, and these species and others 
with creeping rhizomes, if any exist, may be included in a special 
section of the genus. A definite conclusion, however, cannot be reached 
until further observations on the genus have been made. 

The genus Cibotium includes some species with dendroid trunks, 
while Cib. Barometz has a creeping rhizome. In this respect, this 
species may be distinguished from others with erect stems, and may be 
classified into a special section of the genus, as in the case of Alsophila. 
Moreover, this species differs anatomically from others in that, it has no 
sclerenchymatous sheath surrounding the stele (p. 277). 


D. EXTERNAL FEATURES OF THE STEM 


The stem tapers toward the base, and thickens upwards gradually, 
so that the basal part of the stem is of a paraboloid form. But, on 
reaching a certain thickness, the stem retains this constant thickness up 
to the summit (Fig. 71). Such is the case with a stem of regular growth, 
but it is rather rare that such a form is actually found. Asa matter of 
fact, the thickness of the stem is somewhat irregular throughout, show- 
ing constrictions in some regions. As the tree-fern makes no secondary 
growth, the parts once formed undergo no further changes, so that 
portions grown under unfavorable conditions remain permanently 
constricted. 

The height of the stem in each species differs considerably. Gener- 
ally speaking, the stems of the three species with creeping rhizomes 
are small, scarcely reaching 10 em. in length, those of Al. Ogurae and 
Al. podophylla reach up to 2-3 m., and those of Al. Bongardiana and Al. 
latebrosa reach more than 10 m. in height. 

The diameter of the stem in each species differs considerably. 
The maximum diameters observed are shown below : 


Species dS Species Ad 
Al. acaulis 20 Al. formosana 35 
Cib. Barometz 50 Al. Ogurae , 60 
Al. podophylla 95 Cya. spinulosa (Bonins) 100 
Cya. spinulosa (Osumi) 110 Cya. spinulosa (Formosa) 130 
Al. Bongardiana 140 Al. latebrosa 155 


The stem is sometimes covered with remains of petiolar bases, so 
that its surface is nowhere exposed, while in some cases leaves fall clear 
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from their very bases exposing the stem surface. In any case, in the 
basal part of the stem adventitious roots are borne on the stem, and 


cover it very thickly. 


E. RELATION BETWEEN THE STEM AND LEAVES 


Fig. 71. A diagram of the Cyatheacean stem, 
showing the form and arrangement of leaf-scars, 
the position of roots and the outline of cross sec- 
tions in different parts; cross sections A-F are 
taken at the levels of the stem shown A-F. 

(Stem x35; cross sections x45). 


Leaves are borne all 
around the stem radially, and 
even in the creeping rhizomes 
this relation holds good. 
After the leaves perish, the 
petioles may remain on the 
stem surface or fall off entire- 
ly. In thelatter case, scars 
of the petiole are left on the 
stem surface, as in Al. Bon- 
gardiana and Al. latebrosa. 

PnHyrzLoTAxY. The deter- 
mination of the phyllotaxy is 
difficult when the petiolar 
bases are left on the stem, as 
they overlap one another. It 
is, however, easy when the 
scars on the stem surface are 
exposed. The phyllotaxy of 
the Cyatheaceae is of a rela- 
tively simple radial type, but 
varies according to different. 
parts of the stem. As a 
matter of fact, it is not con- 
stant throughout the stem, 
but changes gradually from 
the stem base upwards. The 
change of the phyllotaxy 
occurs regularly in all of the 
species observed. In the 
basal or younger part, the 
phyllotaxy is 2, but such a 
type is limited to a very short 
distance at the base, and the 
phyllotaxy changes gradually 
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upwards. The factor which causes the change consists in the decrease 
of the divergent angle. In the $ region, the sixth leaf from any leaf is 
situated exactly above the latter, while in somewhat higher region, the 
sixth leaf does not reach the perpendicular of the first, but is situated a 
little beyond it. The decrease of the angle takes place gradually, until 
a $ type is obtained. Of course, in the region intermediate between 2 
and 3, transitional types are found. The region where the phyllotaxy 
becomes $ is not constant owing to the rate of growth. It is usually 
the part 0.5-1 m. above the base, so that in a small young specimen, 
and in three species with creeping rhizomes, the part with a 3 phyllotaxy 
is not formed, and the upper part of the stem in such plants shows a 
type intermediate between 2 and 3. Im taller plants, there is a region 
with a $ phyllotaxy, but it is limited to a short distance, and the phyllo- 
taxy changes again upwards by the gradual decrease of the divergent 
angle. In such à way, in the upper part of a stem, 2-3 m. in height, 
the phyllotaxy becomes a 3 type or a somewhat advanced form (Fig. 71, 
C). The stems of Al. podophylla and Al. Ogurae are of this type. 

In the portion of the stem above this, the phyllotaxy becomes more 
and more complex, and at the same time irregularities may take place. 
In a higher portion, the leaves are arranged in ten regular vertical rows 
(Fig. 71, E). Further higher up, the phyllotaxy changes further, and 
leaves are arranged in eleven regular rows, and still higher it chages to 
the form, where the leaves are arranged in twelve or thirteen rows (Fig. 
71, F). Such an arrangement in ten to thirteen rows may be derived 
from a $ type by an irregular displacement of the leaves as shown in 
the case of Alsophila Bongardiana (p. 239, Fig. 37). This type is found 
in Cya. spinulosa, Al. Bongardiana and Al. latebrosa. 

So far as the writer has observed, thirteen vertical rows are the most 
advanced type of arrangement. Scorr (1874) observed the phyllotaxy 
of the Cyatheaceae, and found a 4 form at the basal part of the stem. 
The writer has never seen a case with 4, instead it has always been 3 
that he has found in the basal part. Theoretically, the presence of such 
a 1 type is impossible, for the divergent angle of the 4 type is less than 
that of the 2 type. 

''he direction of the phyllotaxy may be either left-handed or right- 
handed. Even in one and the same species, types with different direc- 
tions are met with. 

SIZE or THE Lear. The leaves which are found on the basal part 
of the stem are small; they become larger upwards in keeping with the 
enlargement of the stem. But it must be remembered that in the basal 
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part of the stem, with a 3 phyllotaxy. a petiolar base can extend up to 
1 of the whole circumference of the stem, while in the part with 3, it is 
only 4 of the stem circumference that a leaf can occupy. In other words, 
the relative size of a leaf in the 2 region is larger than that in the $ 
part ; consequently, in a cross section of the basal part of the stem, leaf- 
bases have a great influence on the outline of the stem, even producing 
an irregular triangular form (Figs. 71 & 72, A). Higher in the stem, 
the influence of the leaves on the stem becomes less, and the outline of 
the stem in a eross section becomes circular though some irregularities 
are found in the position of leafattachment (Figs. 71 & 72). In 
smaller young plants and in those with creeping rhizomes, as the phyllo- 
taxy does not reach 3, the cross section of the stem is triangular or 
pentagonal in all cases. 


F. THE STELE or THE STEM 


Cross SEcTION. First, let us consider the form of the stele in cross 
sections. The stele lies near the periphery of the stem and follows the 
outline of the surface. In a stem with a triangular outline, the stelar 
ring 1s also triangular, and in one with a circular outline, the stelar ring 
is also circular (Figs. 71 & 72). The margins of the meristeles which 
face the leaf-gap curve outwards. The outward curving is not pro- 
nounced in the basal part, there, however, the influence of the leaf is so 
strong that the outline of the stele becomes triangular like that of the 
stem (Fig. 72, A). On the other hand, in a eross section of the stem in 
the higher part, though the influence of the leaf on the stem is not so 
prominent, the curving of the margins is rather marked ; moreover, as 
the leaves are closely arranged, leaf-gaps overlap one another, and the 
stelar ring is separated into small meristeles each having a semicircular 
or horseshoe-shape (Fig. 72, E-F). 

THe Lear-Gap. Next, the solid construction of the stele will be 
considered. The stele is a hollow cylinder, the wall of which is per- 
forated by numerous leaf-gaps. The stelar margin of the latter turns 
outwards. The form of each leaf-gap is fusiform, its size increasing 
almost in keeping with that of the stem. The arrangement of the gaps 
corresponds to that of the leaves. In the creeping rhizomes, in which 
the leaves are attached somewhat twisted, the real phyllotaxy can be 
determined only by the position of the gaps. The length of each gap 
is longer than that of the leafscar or the part attached by a petiolar 
base. A gap belonging to a leaf opens far beneath the petiolar base. 


Fig. 


of size and form, and the number and arrangement 
Sections (A-F) correspond to the positions of the stem ( 
They are drawn diagrammatically based on Cyathea spi 


showing the change 
of leaf-gaps. These 
A-F) shown in Fig. 71. 
nulosa. (ES 


72. Cross sections of different parts of the stem, 


mass (omitted here); phyllotaxy 2 
About 0.7 m. above the base, covered with root-mass; phyllotaxy 2-8 
About 1.2 m. above the base, covered with roots; phyllotaxy 4 
About 1.8 m. above the base; phyllotaxy 2-10 rows 
About 2.3 m. above the base; phyllotaxy 10 rows 
About 2.9 m. above the base; phyllotaxy 13 rows 


Base, covered with thick root- 
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RELATION OF SIZE or THE STEM AND THE STELE. ‘The relation 
of size of the stem and the stele in each species will be shown in the 


following table : 


Diameter of the 


Diameter of the 


2 


It will be seen from this table that, the ratio of the diameter of 
the stem to that of the stelar ring is usually 1.2-1.5, while the Formosa- 
type of Cyathea spinulosa shows a higher ratio, such as 1.8-1.9. It is 
also seen that, the ratio is smaller in the basal part than in the higher 
part of the stem. Such a relation is more accurately presented in the 
following table, in which the relation in four parts of one and the same 


plant of Al. Bongardiana is given (V, p. 237): 


Region 


Distance from the ground (m.) 
Phyllotaxy 

Diameter of the stem (mm.) 
Diameter of the stele (mm.) 


Ratio 


————''àJíJJ'eÁ« ————— À — MN 

This change of the ratio may be caused by the fact that the 
meristele of the higher part curves semicircularly, its central part enter- 
ing deeply into the pith (Fig. 72). 


Species stem (mm.) stele (mm.) Ratio 

Cib. Barometz 30 20 1.50 
» ” 50 35 1.43 
Al. acaulis 18 13 1.50 
Al. formosana (Formosa) 35 22 1.59 
” ” (Oshima) 40 28 1.48 
Al. Ogurae 60 40 1.50 
Al. podophylla 60 42 1.43 
» » 93 72 1.29 
Al. Bongardiana 70 55 1.27 
» » 118 90 1.31 
» » 140 115 1.24 
Al. latebrosa 90 68 1.32 
” ” 120 80 1.50 
” » 155 133 1.16 
Cya. spinulosa (Hachijô) 62 43 1.45 
” ” (Bonins) 100 65 1.54 
” ” (Osumi) 110 70 1.56 
” ” (Loochoos) 65 45 1.44 
” ” (Formosa) 62 35 I 
” ” 130 68 1.91 


II III IV 
5 2.5 4.0 5.0 
-i i 10 rows 11 rows 
138 120 120 110 
115 95 85 80 
1.20 1.27 1.41 1.40 
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Ontogeny. The ontogeny of the stele is now to be considered. 
Fortunately, in most of the young plants, the pointed basal part remains 
undamaged, and the ontogeny of the stele as well as of the other tissues 
can be traced by means of cross sections at various parts of the stem. 
The very tip of the stem base, however, is so delicate that it has usually 
decayed. Generally, it is the part of the stem with a diameter of about 
2 mm., where the internal structure can be most clearly recognized. In 
such a part, the stele, about 1 mm. in diameter, is constructed after the 
solenostelic type, the leaf-gaps being arranged in the 2 manner. The 
state of the stele at the very base cannot be ascertained in ordinary 
material, but judging from the incomplete specimens observed by the 
writer, and from the observations of other authors it may be considered 
that the protostele-at the very base becomes a solenostele by the ap- 
pearance of the central parenchyma, and then of the internal phloem and 
endodermis. The writer has obtained the same result in adventitious 
buds found in Al. formosana and Al. podophylla. The solenostele thus 
formed enlarges in diameter, and by the overlapping of leaf-gaps, it 
changes into a dictyostele. The stele then thickens, and at the same 
time, the form of the leaf-gaps undergoes a gradual change by the 
characteristic outward curving of the stelar margin (Fig. 72). 


G. THE ScLERENCHYMATOUS SHEATH OF THE STEM STELE 


The presence of the brown sclerenchymatous sheath surrounding 
the meristele of the stem is one of the characteristics of the Cyatheaceae, 
but it is wanting in Cibotium Barometz. Without doubt, this tissue and 
the same tissue at the surface of the stem serve as a mechanical support 
of the large erect stem. One might ascribe the absence of this tissue 
in Oibotium Barometz to the creeping habit of the stem. But, such an 
explanation can hardly be accepted, because in two species of Alsophila 
with creeping rhizomes, this tissue is developed prominently. It is 
perhaps due to the peculiar nature of Cib. Barometz that this tissue 
is absent. In this connection, it may be suggested that this species 
may be classified as distinct form from other species of Cibotium, which 
have erect stems and are provided with sclerenchymatous sheaths. 
The absence of the sheath in the Cyatheaceae was formerly found in 
Thyrsopteris elegans, Alsophila blechnoides and Cibotium Barometz. The 
first is a monotypic species and the only representative of the tribe 
Thyrsopterideae, while the second is a species to be included in another 
genus, Metaxya. The separation of Cibotium Barometz from other 
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species of the genus, therefore, may be considered as a reasonable 
proposition (VII, p. 277). 

The sclerenchymatous sheath surrounding the meristele is a special 
character of this family, for such a sheath is not found in other 
families of ferns, even in the species with erect stems. 

PERFORATION. The sclerenchymatous sheath surrounds each 
meristele, from which it is separated by a layer of parenchyma. The 
sheath is, therefore, double-walled cylinder. Numerous small pores of 
the sheath which connect the inner cavity of the sheath and the cortex or 
the pith are found in the marginal parts at the leaf-gaps. These are the 
perforations through which leaf-traces, root-traces and medullary or 
cortical bundles penetrate, and all of them are small. On the main 
part of the sheath, no such perforations are usually found, but in a few 
species, e. g. Al. latebrosa, Cya. spinulosa, in the wall of the sheath on 
the pith-side, small perforations are found, always containing medullary 
bundles. 

DENTICULATION. The inner surface of the sheath, that is, the side 
facing the meristele, shows a smooth outline in all caces, but the outer 
surface, that is, the side facing to the pith or the cortex, may show 
either a smooth outline or an irregular denticulation. The latter form 
is caused by the approach of the medullary or cortical bundles. When 
the medullary or cortical bundle approaches the sheath, it enters the 
latter forming there a small groove, and when the sclerenchymatous 
sheath surrounding the bundle is united to the sheath of the stele, the 
former produces a denticular formation on the surface of the latter sheath. 
The presence or absence of the denticular formation on the sclerenchy- 
matous sheath is constant in each species, and this may be used, to 
some extent, for specific determination. The species which show such 
denticulations are Cya. spinulosa (Bonin-, Loochoo- and Formosa-types), 
Al. Bongardiana and Al. latebrosa. 

The dentieular formation of the sheath is much more prominent 
in the part with numerous medullary or cortical bundles ; consequently, 
it is more marked in the older or higher part than in the younger or 
lower part. In an extreme case, when the groove of the sheath becomes 
very deep, the sheath is perforated entirely by the bundle, asin Cia. 
spinulosa, or temporarily the bundle is enclosed entirely in the sheath, 
as in Al. Bongardiana and Al. latebrosa. 

Ontogeny. The ontogeny of the sclerenchymatous sheath can be 
traced by the observations of the young plants. In a part with a stelar 
ring of about 1 mm. diameter, no sclerenchymatous elements are found 
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in the fundamental tissue. In a somewhat higher part of the stem, 
sclerenchymatous masses make their appearance on both sides of the 
stelar ring in irregular distribution. These masses on each side of the 
stele gradually connect with one another to form a continuous band. 
This ontogenetical development of the sheath differs somewhat from 
that observed by some authors (e. g. SrEPHENSON, 1908), who have de- 
scribed this tissue as appearing in the pith as a mass, in which paren- 
chymatous elements appeared, so as to form a ring lining the inner side 
of the stelar ring. Such a mode of formation of the sclerenchymatous 
ring has not been observed by the writer in the young plant, but he 
has found it in adventitious buds of Al. formosana. Perhaps, both 
processes of the formation of the sclerenchymatous ring are possible. 


H. Tue Lear-Garp AND THE LEkAr-TRACE 


Petiolar bundles of the Cyatheaceae are arranged, not in a simple 
form, but in one peculiarly complicated. Consequently, when leaf- 
traces are parted from the stelar margin, they exert an influence on 
the form of the leaf-gap. Moreover, the leaf-gap becomes complex by 
the fusion of medullary bundles. 

The form of à leaf-gap and the mode of parting of leaf-traces differ 
considerably in different parts of the stem, being simple in the basal 
part. In the species which grow to a moderate size, such as Al. Ogurae 
and Al. podophylla, the most advanced type of the form of the leaf-gap 
and the mode of parting of leaf-traces are similar to those found in the 
lower or younger part of the more advanced species, such as Cya. 
spinulosa, Al. Bongardiana and Al. latebrosa. In the species with short 
stems, such as Al. formosana and Al. acaulis, the adult form of the leaf- 
gap is similar to that found in the younger part of other species. The 
adult form differs in each species of the Cyatheaceae observed by the 
writer, but they are constructed according to a definite type, so that, 
if a simple form, such as that found in Al. acaulis, is advanced, a more 
abvanced type, such as is found in other species, will be obtained. 

The form of the leaf-gap and the mode of parting of leaf-traces in 
Cibotium Barometz differ from those of the Cyatheeae. Therefore, 
those of the latter will be first considered. 

Form or THE Lear-Gap. The form of the leaf-gap is fusiform in 
all cases, but its size differs considerably according to its age and size, 
and also to the arrangement of the leaves. Generally speaking, the stem 
about 0.5-1.0 m. above the ground has the largest.gaps. This region 
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corresponds to that where the diameter of the stem is the greatest. 
From there downwards, the size of the gap decreases gradually to the 
smallest basal part, in keeping with the decrease of the stem size. 
From there upwards, on the contrary, though the stem size does not 
undergo a great change, the vertical length of the gap decreases due to 
the crowding of leaves or gaps. The leaf-scars of Al. Bongardiana and 
Al. latebrosa manifest this relation most clearly (p. 228, Figs. 35-87). 

The leaf-gap is a fusiform perforation of the stelar wall, and the 
stelar margins on the lateral sides of the gap are prolonged outwards, 
and turn laterally in labial form. The outward turning occurs on the 
lateral sides of the gap, but is not a simple one, and at one part near 
the top, the turning recovers once. In this part, the two stelar margins 
approach each other in the median line of the gap, making the entrance 
of the gap narrower. The marginal bending on each side, therefore, 
is divided in two labial parts, the lower being always the larger and 
more prominent. Therefore, though the leaf-gap itself is fusiform, the 
stelar margin takes a gourd-shape (Fig. 73). The recovering part of 
the marginal turning is produced by the fusion of the medullary 
bundle. 

PARTING oF THE Lear-Trace. Leaf-traces are parted from the 
stelar margin of the gap, and the traces parted from the upper and lower 
parts of the lateral constriction correspond to the superior and inferior 
strands. As the outline of the stelar margin is gourd-shaped, the parted 
traces are arranged in the same manner, each of the superior and 
inferior series being in an arc-shape. 

The union with the medullary bundle exerts a great influence on 
the outline of the stelar margin. The medullary bundles fuse with 
the stelar margin at the upper half of the leaf-gap, and produce 
the leaftraces belonging to the superior series. Scmürze (1906) de- 
scribed a case in which the medullary bundle fuses with the stelar 
margin below the constriction of the marginal bending, but the writer 
has never seen such a case. It is the first pair of the medullary 
bundles that produces the lateral constriction of the marginal turning. 
The succeeding medullary bundles fuse with the stelar margin exerting 
no conspicuous influence on the stelar outline of the gap, and the fused 
parts are parted as leaf-traces. The last pair of the medullary bundles 
takes the same course as the first, and narrows the stelar gap. Some 
branches of the medullary bundles enter the petiole, without joining 
with the stele. These bundles, at most three or four pairs in number, 
are arranged in the petiole isolated in the upper part. The medullary 
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bundles which produce such particular traces aré not special ones, but 
are branches of other bundles; when the branching takes place at a 
lower level, the exact relation is difficult to trace. 

OxTocENY. The ontogeny of the leaf-zap and the leaf-traces will 
now be considered. Generally speaking, in the younger basal part of 
the stem, the leaves are small in size, the leaf-traces less numerous, and 
the mode of parting of the traces is simple. Al. Bongardiana and Al. 
latebrosa are of the most advanced type, and the type of Al. Ogurae and 
Al. podophylla, with a stem of moderate size, is simpler than the former 
two, but the type of these species is the same as that found in the lower 
younger part of the former two. Al. acaulis and Al. formosana, with 
small stems, have a very simple type, but such a type may be found in 
the lower younger part of other species. Therefore, the ontogeny of 
the leaf-gap and the leaf-trace of anyone species can be applied to all 
the species of the Cyatheeae. 

In the smallest leaves, only one pair of petiolar bundles is found. 
The leaf-gap corresponding to it is small and fusiform, and from its 
lateral margins leaf-traces are parted. In the case with two pairs 
of petiolar bundles the lateral margins of the gap protrude, and give 
off two pairs of traces, which are arranged in a circular form in the 
petiole (Fig. 73, A). In the case with three or four pairs of petiolar 
strands, the same process of parting of traces is repeated (Fig. 73, B). 
The size of the gap becomes larger, and the number of traces parted 
from it becomes more numerous. Meanwhile, the form of the gap is 
influenced by the formation of medullary bundles. The medullary 
bundle makes its appearance usually at the region where two or three 
pairs of leaf-traces are parted from the gap (Fig. 72, C When only 
one pair of the medullary bundles is present, it fuses to the stelar 
margin at the upper corner of the gap, the fused part being parted 
as the last leaf-trace situated in the petiole at the upper median part 
(Fig. 73, Cj. This type is found in the adult form of Al. acaulis and in 
the young form of other species of the Cyatheeae, In a somewhat 
advanced form, the medullary bundle bifureates"and one branch fuses 
with the upper part of the gap, while the other branch fuses with the 
lateral side of the gap. By the fusion of the latter the lateral turning 
of the stelar margin recovers, corresponding to the constriction of the 
marginal turning, and the petiolar bundle which is derived from this 
part projects somewhat inwardly (Fig. 73, D). This is found in adult 
form of Al. formosana. The lateral constriction of the stelar turning 
or the internal projection of the lateral petiolar bundles, however, is not 
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always derived from fusion with a medullary bundle, and even in a gap 
without such a bundle the corresponding projection or constriction may 
be found, as in Al. acaulis and Al. Ogurae. 

In a more advanced form, the gap becomes larger, and the outward 
curving of the marginal part becomes prominent; consequently, the 
lateral constriction due to the fusion of the medullary bundle becomes 
more and more pronounced. At the same time, the traces in each 
gap become numerous, and the inferior strands are arranged in an arc, 
while the superior ones show a lateral projection consisting of one or 
two pairs of strands (Fig. 73, D-E). 

In a more advanced form, in keeping with the increase of the size 
of the gap, the outward turning of the lateral margin as well as the 
lateral constriction of the marginal turning becomes prominent, so that 
from the upper region of the constricted part, two or three traces are 
parted, which are situated in the petiole projecting inwards, and at the 
same time the last pair derived from the fusion of the last medullary 
bundle is also directed inwardly (Fig. 73, E). 

Then, by the acceleration of the marginal turning, the lateral 
constriction becomes more marked, and the traces derived from the 
constricted region are not only the two or three on its upper side, but 
one trace on its lower side shows the internal projection, the latter corre- 
sponding to the last inferior strand (Fig. 73, F). Thus, the inferior 
projection ofthe petiolar strands on the lateral sides may be said to 
follow the superior one. Meanwhile, the medullary bundles increase 
in number, those belonging to a gap amounting to three or four pairs, 
the first of which gives off the first superior trace, and the last the last, 
the intermediate one producing the intermediate trace of the superior 
series (Fig. 73, F). Sooner or later, however, the branching of the last 
medullary bundle takes place at a short distance from its end, and the 
branch thus formed enters the petiole directly as an inwardly project- 
ing leaf-trace at the median upper part (Fig. 73, E-F). The main 
bundle takes the ordinary course, and gives off the trace at the median 
upper part. The branching of the bundle takes place near its end, so 
that the petiolar strands derived from the main bundle and its branch 
approach each other. In this case, the superior strands are arranged 
in the l'7-shape, of which the short arm is derived from the upper 
projection just referred to, and the longer arm from the lateral projection 


(Fig. 73, E). This type of leaf-gap is found in the adult form of Al. 
Ogurae and Al. podophylla. 
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In amore advanced case, the branching of the last medullary 
bundle takes place far below its end, so that two pairs of petiolar 
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Fig. 73. A diagrammatic representation of the ontogeny of the construction 
of leaf-gaps, the parting of leaf-traces and the arrangement of petiolar strands. 
The base of a leaf-trace and the corresponding petiolar strand are connected 
by a straight line. Dotted lines denote the medullary bundles. (ss BY 
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strands, derived from the main bundle and its branch, are separated 
from each other, the strand derived from the latter being deeply isolated 
inwards (Fig. 73, F). Meanwhile, the branching of the medullary 
bundle propagates to the preceding bundle of the last one, and its 
branch enters the petiole directly, and becomes an isolated strand 
situated a little below the former isolated one (Fig. 73, G). This type 
is found in Cya. spinulosa. 

Al. Bongardiana and Al. latebrosa have the most advanced and 
complicated type. In keeping with the enlargement of the leaf-gap 
and the increase of the number of leaf-traces, the lateral projection of 
the leaf-gap becomes prominent. The laterally projecting strands in 
the petiole consist of more than ten pairs of strands; consequently, the 
inferior row of the lateral projections increases to two or three pairs. 
The isolated upper strands, having no direct connection with the stele, 
amount to as many as four or five pairs (Fig. 73, H). This is the adult 
type found in these two species, and is also the most advanced type 
found in Japanese Cyatheeae. Of course, in the young stages of these 
species, the simpler form, such as has been previously described, is found. 

In short, the form of the gap and the mode of parting of leaf-traces 
in the adult plants differ in different species, but they all show the 
same type in the ontogeny. In the youngest part, all species show 
the simplest construction. In Al. acaulis and Al. formosana, which do 
not grow large, the development of the leaf-gap is not advanced, while 
in other species, the constriction of the gap becomes complex, until 
such a type as is found in Al. Bongardiana and Al. latebrosa is obtained. 

CIBOTIUM. Let us now compare the leaf-gap of Cibotium Barometz 
with that of the Cyatheeae. The most important difference between 
them is that, (a) the outward curving of the stelar margin takes place 
on the lateral sides of the gap in the Cyatheeae, but on all sides in 
Cibotium, so that in the latter, the boundary between the gap and the 
stele is not distinct, and that (b) in Cibotium, the lateral projection of 
the stelar margin is not pronounced owing to the absence of the 
medullary bundle. In the case of Cibotium, on the lower side of a gap, 
the stelar ring bulges out, producing no distinct boundary between the 
stele and the trace, while at the upper part of the gap, a constricted 
region may be found between the stele and the bulging part. A little 
higher up, the inside of this constricted part projects internally in a 
hook-form, and the leaf-trace is then separated from the stele, leaving 
a leaf-gap. The separated trace is then divided into numerous strands 
arranged in a heart-shape. In this case, a few traces on the lateral 
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sides project slightly inwards, corresponding to the characteristic pro- 
jection in the Cyathecae. 

If the division ofthe lestrace takes place at the lowest part of the 
gap, a leaf-gap similar to that of the Cyatheeae will be established. In 
Cibotium, the lateral projection is present, though it is not prominent, 
while the upper projection is very prominent. In the Cyatheeae, both 
the lateral and upper projections are very prominent, and they seem to 
be derived from the fusion of the medullary bundles. But in Cibotium, 
the medullary bundle is absent, so that the inward projection is 
developed without any relation to the medullary bundle. 

The ontogeny of the leaf-gap and the mode of parting of leaf-traces 
in Crbotium Barometz is far simpler than those of the Cyatheeae, owing 
to the absence of the medullary bundle. In the smallest gap, the 
lateral sides of the stelar margin project as a pair of leaf-traces. Pro- 
ceeding upwards, in keeping with the increase of the size of the gap, the 
marginal turning takes place, and two or three pairs of leaf-traces are 
arranged in a circular form. In a somewhat more advanced type, the 
upper projection appears first, and then the lateral one, and thus the 
adult form is produced gradually. 

Limit OF THE LEAF-GAP. From a cómparison of the leaf-gap and 
leaf-traces of the Cyatheeae and Cibotium Barometz, the following results 
have been obtained. The distinction of the leaf-gap and leaf-traces is 
easily made in most of the ferns, but it is not so easy in the Cyathea- 
ceae. It is uncertain whether the part of the stelar margin that turns 
laterally at the gap in the Cyatheeae is a part of the stele or of the leaf- 
traces. It may be thought that, on the one hand, this part is. 
the margin of the stele, and the strands parted from its margin are 
traces, or on the other hand, it may be regarded as the basal part of a 
connected leaf-trace, the stelar part being limited to the entrance of the 
gap, which is fusiform. The writer once held the former view, and 
gave a description in that sense, but from a comparative study with 
Cábotium Barometz, he is now inclined to the latter view. In the parting 
of leaf-traces of Cibotium, the stelar part bordering the gap bulges out 
in the form of a band. If this part enters the petiole undivided, it will 
produce a simple leaf-trace, as found in some Polypodiaceae. The 
division of the trace, therefore, is not the absolute condition of the 
leaf-trace. In the Cyatheeae, as the basal leaf-traces of a leaf-gap 
are parted from its very margin, the writer has extended this 
conception to the parting of the lateral traces, the undivided part being 
considered. as the stelar portion; while in Cibotiwm, the separated 
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strands are not detached from the gap itself, so that the projecting part 
may be considered a part of the leaf-traces as yet undivided. 

The upper and lateral projections of the stelar margin of the leaf- 
gap will now be considered. It seems that, in the Cyatheeae these 
projections may be produced by the union of the first and last medullary 
bundles, while in Cibotiwm both projections are present, notwithstanding 
the absence of the medullary bundle. Thus, these projections of the 
leaf-gap margin and the leaf-traces may be the peculiar nature of 
Cibotium, and may be exaggerated by the union of the medullary bundle 
in the Cyatheeae. In the latter tribe, it is the first and the last bundles 
which contribute to the formation of the projections, the other bundles 
having no influence on the form of the stelar margin of the gap. 


I. Tue MEDULLARY BUNDLE 


The presence of medullary bundles in the stem is one of the 
characteristics of the Cyatheeae. Their number differs considerably 
according to the size and age of the stem. Generally, the medullary 
bundles are more numerous in the larger or older parts than in the 
smaller or younger parts. In the pith, they are connected with one 
another in a complex network. In some cases, each of the medullary 
bundles is protected by a brown sclerenchymatous sheath. The latter 
surrounds the bundle in a ring-form, or shows a small arc-form, but 
some bundles are not provided with it. The presence or absence, the 
form and distribution of the sheath is so constant in each species, that 
these characters may be used for specific determination. 

NuMBER. The relation between the size of the stem or the stele 
and the number of medullary bundles in a cross section of the stem is 
shown in the following table : 


Species Diameter of the | Diameter of the Number of 
stem (mm.) stele (mm.) medullary bundles 
| Al. acaulis 18 11 6 
| » » 20 12 10 
Al. formosana 35 22 30 
” » 40 28 80 
Al. Ogurae 60 40 70 
Al. podophylla 60 42 150 
» ” 93 12 190 
Al. Bongardiana 70 55 100 
| » » yu 90 185 
| » » T15 228 
i Al. latebrosa 90 68 116 
| ” ” 120 80 322 
Cya. spinulosa ` 100 65 130 
» » 75 53 117 
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From this table it is evident that, though the bundles are numerous 
in the larger stems, there is no specific difference in their number. 
The medullary bundles are distributed uniformly in the pith. In the 
smaller stems, they are found in the central part, while in the larger 
ones, they are arranged also in the periphery of the pith, being in 
contact with the inner surface of the sclerenchymatous sheath of the 
stele. In extreme cases, they dip into the sheath, forming there small 
grooves, and moreover, when the bundles are accompanied by the 
sheaths, the latter connect with the same tissue of the stele, making the 
irregular denticulation on the sheath of the stele. 

Course. The tracing of the whole course of medullary bundles is 
very difficult, as they are numerous and small, connecting with one 
another in a network. The medullary bundle appears in the pith, 
and ascends through it up to a leaf-gap, in whict it fuses with the stelar 
margin. The number of the bundles which belong to each gap varies 
from one to ten pairs, but they do not always represent independent 
bundles, as some are branches of the others. The branching and fusion 
of the bundles to form à network take place very irregularly. In any 
case, the upper ends of the medullary bundle fuse with the. stelar 
margin of the upper half of the leaf-gap, and the fused part gives 
rise to a leaf-trace belonging to the superior series. Of the medullary 
bundles belonging to a gap, the first fuses with the laterally constricted 
part of the marginal stelar turning, and makes the constriction promi- 
nent, and the very tip of the constricted part thus formed parts as an 
inwardly projecting leaf-trace, i. e. the first superior strand. This leaf- 
trace, therefore, may be thought to be derived from the first medullary 
bundle. The last medullary bundle of a leaf-gap fuses with the stelar 
margin at the upper part of the gap, and the fused part is parted as a 
leaf-trace situated at the upper median corner. The intermediate 
bundles belonging to a leaf-gap fuse with the stelar margin at some 
parts of the superior region, and produce some intermediate leaf-traces 
of the superior series. The last two or three medullary bundles, how- 
ever, bifurcate before they end, and their branches enter the petiole 
directly, without connecting with the stelar part, and become the isolated 
leaf-traces situated under the upper sheet. 

OwrocENY. The mode of development of the complicated course 
of the medullary bundle can be understood by the ontogenetical study 
of an individual plant (Fig. 73). In the young part of the stem, in 
which one or two pairs of leaf-traces are found in each gap, no medul- 
lary bundles are found (Fig. 73, A-B). The part where the bundle 
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makes its appearance is not constant, as the following table shows : 


REN. Distance from the} Diameter of the | Diameter of the 
DECIR basal tip (mm.) | stém (mm.) stele (mm.) 

Al. acaulis 30 10 5 

Al. formosana (Formosa) 9 1 3 

» » (Oshi ma) == 8 4 

Al. Ogurae m 8 4 

Al. podophylla 20 12 5 

Al. Bongardiana — 6 3 

Al. latebrosa — 4 2 

Cya. spinulosa (Hachijd) 6 8 4 

” ” (Formosa) — 6 3 


At first, the medullary bundles appear in the pith, usually in 
pairs, and ascending through the pith along the leaf-gap fuse with the 
upper stelar margin of the gap. Such a part is separated as a leaf- 
trace, situated at the upper median part, i.e. the last leaf-trace (Fig. 
73, ©). This state is found in the adult stem of Al. acaulis, and in the 
young part of other species. The length of the medullary bundle is 
nearly equal to that of the gap, but it elongates gradually upwards. 
In some parts, the medullary bundle bifurcates before ending, but two 
branches fuse again into one strand, which fuses with the stelar margin. 
This form is found in the young stem of Al. Ogurae. The case in which 
the bifurcated branches fuse again represents a step transitional to the 
next. In the next type, each of the bifurcated branches ends separately, 
and produces a leaf-trace, the former branch the first trace, the latter 
branch the last trace of the superior series. In this case, the superior 
strands of the petiole reach three to five pairs, and the first and last 
pairs, which are derived by the union of the medullary bundles, project 
inwards somewhat from the lateral and upper sides (Fig. 73, D). In 
some cases, the stage in which the bifurcated strands fuse into a single 
strand is omitted, and the bifurcated condition comes soon after the 
undivided case. In this stage, the leaf-gap elongates, and the medul- 
lary bundles attain a length nearly twice that of the corresponding gap, 
so thatit becomes difficult to trace the whole course of the bundle. 
Moreover, an irregular division and interconnection of the bundles 
takes place, which makes the tracing more difficult. This condition is 
found in Al. formosana, in which usually two pairs are found in each gap, 
producing the first and last traces of the superior strands (Fig. 73, D). 

Sooner or later, an interesting change appears. "The last medullary 
bundle belonging toa gap gives offa strand, which enters the petiole 
‘directly, without connecting with the stele, and within the petiole it 
projects from the upper median part (Fig. 73, E). Such a branching 
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is found in Al. Ogurae and Al. podophylla. In the former, the branch- 
ing makes its appearance in the case with one pair of medullary 
bundles, but in the latter, the upper of the two pairs of medullary 
bundles bifurcates before its fusion. In both cases, traces are derived 
from the bundles, and branches are arranged in the petiole on the 
upper side, from which they project like hooks. (Fig. 73, E). At the 
same time, the branching of the medullary bundle is repeated, and at 
à certain stage, there are bundles with three endings or branches, 
which fuse with the stelar margin respectively; the first branch produc- 
ing the first superior trace, the last branch the last trace, and the inter- 
mediate one a certain trace of the supezrior-series. (Fig. 73, F). 

In a more advanced case, branching such as is found in the last 
bundle takes place in the preceding bundle, and the trace derived from 
the branch is isolated at the upper median part of the petiole. In this 
case, the trace produced by the main strand of the last bundle is situated 
at the upper part and does not project inwards, and the traces derived 
from the branches are quite isolated (Fig. 73, G). This is the con- 
dition found in the adult plant of Cya. spinulosa. 

In the next stage, the medullary bundles belonging to a gap amount 
to more than five pairs, some of which give off branches, which enter 
the petiole directly, and within the latter remain isolated from the other 
strands (Fig. 73, G-H). This condition is found in Al. Bongardiana. The 
same branching of the medullary bundle occurs near the end of the first 
medullary bundle, and the branch thus formed, without communicat- 
ing with the stele, becomes the first superior leaf-trace, while the main 
bundle fuses with the stele as usual, and produces the second leaf-trace 
(Fig. 73, H). This form is found in Al. latebrosa, and is the most 
advanced type found in Japanese Cyatheeae. 

In short, the course of the medullary bundles becomes more and 
more complex in keeping with the growth of the stem, until its regularity 
is disturbed by their repeated division and intercommunication. They 
arise in the pith independently, and ascending through it enter the 
petiole as leaf-traces, which are of two kinds according to their behavior 
at the gap; for one kind fuses with the stelar margin at the leaf-gap, 
while the other enters the petiole directly without touching to the stem 
stele. In all cases, the leaf-traces derived from the medullary bundles 
belong to the superior series, ‘The traces of the latter kind are derived 
from the branching of those of the former kind, and are situated in the 
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petiole at the upper median part as inward projections or as isolated 
bodies, sometimes also they appear at the top of the laterally projecting 
series. 

InREGULARITIEs. The course of the medullary bundles shows 
irregularities, of which some instances will now be given. (a) The 
repeated division and interconnecting of medullary bundles begin 
usually at a point remote from the stem tip, but sometimes these 
processes takes place early in the stem tip. This is found especially in 
Al. Bongardiana and Al. latebrosa. (b) In some cases, in the region 
where the bundle should be bifurcated, it trifurcates. (c) The most 
pronounced case of irregularities is that in which the upper end of the 
bundle ends blindly in the pith quite unconnected with the stele. This 
is found sometimes in Al. acaulis. (d) Though the lower end of the 
bundle appears in the pith independently, some bundles arise as internal 
thickenings of the stelar ring. This form is found, though rarely, in 
the young part of Al. Ogurae. 

In some former observations (De Bary, 1877; ScHurzE, 1906), 
there is a different opinion as to the course of medullary bundles. Con- 
cerning their upper ends, the medullary bundles were thought to enter 
the petiole directly, to form isolated leaf-traces, or to connect temporarily 
in their course with the stelar margin at the leaf-gap, or with the stele 
itself with no direct connection with the gap. Though the two former 
cases have been observed by the writer, he has not met with an example 
of the last case. Concerning the lower ends, the bundles were thought 
to end blindly in the pith, or to be connected with the stele itself. But, 
the latter type has not been observed by the writer, except in the young 
part of some species. 

PHyroaENy. We are now in position to consider the phylogeny of 
the medullary bundles. Among the ferns, the plants which are provided 
with the medullary bundles are all members of the Marattiaceae and 
Matoniaceae, some of the Polypodiaceae and some others. In these 
cases, the medullary bundles are relatively few in number, and originate 
as internal thickenings of the stelar ring. The complicated stelar 
system thus formed is usually called the ‘polycyclic stele’. The 
medullary bundles of the Cyatheeae differ from. those of this polycycly ; 
they are very small and numerous, and show the irregular arrangement, 
moreover, they arise in the pith independently, with no direct connec- 
tion with the stele. In this point, the stelar system of the Cyatheeae 
differs from the normal polycyclic stelar type, and for it has been pro- 
posed by the writer the name “ Cyathean Dictyostele " (II, p. 202). 
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Now, what relation is there between the polycyclic dictyostele and 
Cyathean dictyostele? As the origin of the medullary bundle cannot 
be considered to be of the same type, these two types are different from 
. each other. The ontogenetieal study of the stem-stele of Al. Ogurae 
gives a very interesting result. In the young part of this species, some 
of the medullary bundles do not arise in the pith independently, but 
appear as internal thickenings of the stelar ring. Such a mode of 
formation of the medullary bundle is limited to some leaf-gaps in the 
basal part of the stem, and for a little above the base the bundle appears 
independently in the pith. If the hypothesis that the young part of a 
plant shows a type derived from an ancestor of the plant may be 
accepted, it may be considered that, the Cyathean dictyostele is derived 
from the polycyclic dictyostele. Another, but similar, phenomenon has 
been found in certain species, though itis very rare; in the young 
part of the stem, at the level where the medullary bundle will appear, 
there has been observed a small protuberance on the inner surface of 
the stelar ring. This protuberance suggests a primitive feature and 
the first step in the bundle-formation, such as is found in Al. Ogurae, but 
in this case the protuberance disappears sooner or later without form- 
ing a separate medullary bundle. 


J. Tue CORTICAL BUNDLE 


Though the medullary bundle is found in all species of the Cya- 
theeae, the cortical bundle is limited to a few species of this tribe. 
Cortical bundles had been found by previous authors in a few species 
such as Al. aculeata, Al. caracasana”, Al. eriocarpa”, Al. crinita?, Oya. 
Imrayana™, Cya. usambarensis”, ete., but a detailed explanation of their 
structure was not given. 

Among the Japanese Cyatheeae, the writer has found cortical 
bundles in Al. Bongardiana, Al. latebrosa and Cya. spinulosa (Bonin-type). 
The course and other features of the cortical bundles in the two former 
species differ considerably from those of the last species, so that they 
must here be described separately. 

In Al. Bongardiana and Al. latebrosa, they appear in contact with 
the outer surface of the outer sclerenchymatous sheath of the stele, and 
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ascend through it enclosed in sclerenchymatous sheaths. ‘Then, they 
approach the leaf-gap, and finally fuse with the stelar margins of the gap. 
The connected parts of the stele are soon parted as leaf-traces situated 
at the lateral corners of the superior series. The behavior of the cortical 
bundle is rather simple, and does not differ much in stems of different 
ages and sizes. In Al. Bongardiana, one pair of cortical bundles is found 
in each gap, but in Al. latebrosa there are two pairs. In the latter 
species, two pairs of bundles are produced by the division of one pair 
of the cortical bundles, but the two branches are fused together near 
their upper ends, so that it is again only one pair that fuses with the 
stelar margin. Prior to the fusion with the stele, the cortical bundle 
connects with the stelar margin of the inferior region, but this fusion is 
always temporary. 

In Cya. spinulosa, the occurrence of the cortical bundle is very in- 
constant. They are found in the Bonin-type collected from the Bonin 
Islands, and from other places (VI, p. 262). They appear in the 
cortex in contact with the sclerenchymatous sheath of the stele, and 
ascend through the cortex, dividing and uniting with one another, and 
finally fuse with the stelar margin, or with the bases of the leaf-traces. 
In each gap, there are two or three pairs of cortical bundles, but they 
fuse together at their upper ends into one or two pairs. The leaf-traces, 
which are joined with the cortical bundles, are situated at the lateral 
corners of the inferior series, and no cases are met with, where the 
bundles connect with the superior series. 

The number of cortical bundles in various parts of three species 
may be stated as follows: 


Species Diameter of the| Diameter of the| Number of 


Stem (mm.) stele (mm.) | cortical bundles 
Al. Bongardiana 70 55 9 
» » 118 60 19 
» » 120 83 50 
Al. latebrosa 90 68 10 
» » 120 80 72 
po oy j 155 133 l 34 
Cya. spinulosa (Bonins) 1 50 18 
» » REN, - 100 65 90 
” ” (Osumi) 85 60 0 
” ” NS 110 70 24 
» » (Oshima) 75 43 1 
» » (Loochoos) 65 45 1 


The cortical bundles make their appearance far later or in a region 
higher up than the medullary bundles, as is shown in the following 
table; the region of the appearance of cortical bundles in Cya. spinulosa 
is very inconstant, and cannot be given here: 
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Species 5 rar e Diameter of the | Diameter of the 
(mm.) R stem (mm.) stele (mm. ) 
Al. Bongardianu 85 50 p3 
Al. latebrosa a MO 35 SA 


The cortical bundles may or may not be enclosed in sclerenchyma- 
tous sheaths. The former case is found in Al. Bongardiana and Al. 
latebrosa, and the latter case in Oya. spinulosa. In the former two 
species, the sheath is very distinct, and shows a circular outline. 

The cortical bundles found in the Cyatheeae are not found in any 
other groups of the ferns. Thus, for the stelar system consisting of the 
main dictyostele, accompanied by medullary as well as cortical bundles, 
the writer has proposed the name “ Alsophilan Dictyostele " (V, p. 260). 


K. EXTERNAL FEATURES OF THE LEAF 


The size of the leaves shows considerable variation due to the 
height or size of the stem. In the species with creeping rhizomes, the 
leaves are relatively small, and even in the other species, those borne on 
the younger part are also small. The largest leaves in each species 
have the following value, in which the approximate value of the whole 
length of the leaf-axis and the diameter of the petiolar base are given : 


. Length ‘of the Diameter of the petiolar 
Species leaf-axis (m.) base (mm.) 
Cib. Barometz 2.5 45 
Al. acaulis 1.0 4 
Al. formosana 2.0 11 
Al. Ogurae 3.0 30 
Al. podophylla 3.0 25 
Al. Bongardiana 3.0 45 
Al. latebrosa 3.0 65 
Cya. spinulosa 3.0 45 


The leaves are always compound with stout petioles, the basal parts 
of which are usually covered with scales. The ratio of the length of the 
petiole to that of the rachis in each leaf is not constant, but as a rule, 
the petiolar part of a leaf on a creeping rhizome, or on a short stem, is 
relatively long, occupying more than half the whole length of the leaf- 
axis, while the petiole of a leaf on a large erect stem is relatively short, 
occupying less than half the whole length, and, in extreme cases, only 
one-tenth of the whole length of the leaf-axis. In the former case, as 
the stem is small or creeping, a long petiole is necessary to keep the 
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lamina perfect, while in the latter a long petiole is not necessary as the 
stem grows high. The lamina is of a di- or tri-pinnate form. 

The surface of the petiole is coloured. It is green in Al. Bongar- 
diana, Al. latebrosa and Cib. Barometz, brown in Cya. spinulosa, and dark 
violet-brown in Al. acaulis, Al. formosana, Al. Ogurae and Al. podophylla. 

The surface of the petiole is also characterized by protuberances, 
the size and shape of which may be used for specific determination. 
In Al. acaulis, Al. formosana and Cib. Barometz, the petiolar surface is 
devoid of protuberances, in Al. Bongardiana and Al. latebrosa the surface 
has numerous wen-like processes, in Al. podophylla and Al. Ogurae it is 
provided with numerous small spines, and in Cya. spinulosa the petiole 
is prominent owing to large hard spines. 

When the young leaves are coiled up, they are closely covered with 
scales, most of which fall off at the time of their unfolding. In Cib. 
Barometz, no scales are found, and there are only golden filiform hairs 
on the petiole as well as on the stem. 


L. THE VASCULAR STRAND OF THE LEAF 


The number and arrangement of vascular strands in the petiole 
and rachis differ considerably according to the age and the size of the 
leaf, even in different parts of one and the same leaf. 

PETIOLAR Base. First, let us consider the state of the vascular 
strands at the basal part of the petiole. The largest petioles of Al. 
acaulis and Al. formosana, the diameter of which is less than 10 mm., 
have less than ten pairs of vascular strands, showing the characteristic 
arrangement of the Cyatheaceae. Half of them are arranged at the 
lower side in an are, while the upper half consists of strands arranged 
in a i7-form, that is, one or two pairs project inwards at the upper and 
lateral sides (Fig. 74, a C). On the other hand, the petiolar bases of 
Al. Bongardiana and Al. latebrosa contain more than fifty pairs of strands, 
most of which are arranged in a circle at the periphery, but some pro- 
ject from the lateral and upper sides. These strands projecting from 
the upper side, consisting of from two to four pairs, are isolated under 
the series of strands in the upper sheet. The laterally projecting series 
consists of two rows, the upper of which consists of ten or more pairs 
of strands, and the lower of from two to four (Fig. 74,a A). In other 
species having petioles of a size intermediate between the former two 
types, the number and arrangement of petiolar strands show the form 
intermediate between these types (Fig. 74, a B). 
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THoMAE (1886) differentiated the vascular strands of the petioles of 
the Cyatheaceae into superior and inferior strands, by means of the 
lateral projections. According to this nomenclature, in the petiole of 
Al. Bongardiana, the upper row of the lateral projections, the upper sheet 
and isolated upper strands constitute the superior strands, while the 
lower row of the lateral projections and the lower sheet mark the inferi- 
or strands. In the petiole of Al. acaulis and Al. formosana, the inferior 
strands consist of those arranged in an are, while the superior ones are 
in the T7-form, the longer arm of which corresponds to the lateral pro- 
jection, and the shorter one to the upper projection. The last form of 
arrangement is also found in the young petioles of other species. 

OwroaENY. The ontogeny of the petiolar strands can be traced by 
a comparison of petioles of different ages and sizes (Figs. 73 & 74). In 
the bases of the smallest petioles, there is only one pair of strands. In 
a somewhat larger petiole, there are from two to four pairs of strands, 
arranged in a simple circular form (Fig. 73, B-C). In the petiole with 
five or six pairs of strands, one pair at the lateral sides projects some- 
what inwards, which is the sign of the lateral projection of the superior 
strands (Fig. 73, C). 

In the next stage, the petiolar strands increase in number, the 
lateral two or three pairs project inwards, and one pair in the median 
upper part shows a tendency to incurving, the superior strands being 
arranged in the 77-form (Fig. 73, D-E). This type of arrangement of 
the strands is found in the adult petiole of Al. acaulis and Al. formosana. 
In the more advanced form, in keeping with the increase of the strands, 
the inward projections on the lateral and upper sides become prominent, 
to form the P7-shaped superior series, and in the inferior series, one 
pair at the lateral corner shows a tendency to incurving, arranged under 
the lateral projection of the superior series (Fig. 73, E). This form is 
met with in the adult form of Al. podophylla and Al. Ogurae. In this 
case, the lateral projection of the inferior series seems to be derived 
from the projection of the superior series. In the next stage, the 
increase of the strands makes the inward projections prominent, 
and one or two pairs of the upper projections are entirely isolated 
under the upper sheet (Fig. 73, F). 

In Al. Bongardiana and Al. latebrosa, the whole number of strands 
amounts to as many as fifty or sixty pairs, sometimes even more than 
seventy pairs. The lateral projections are very prominent, the upper 
being more than ten pairs, and the lower about five pairs, while the 
upper isolated strands are from three to five pairs (Fig. 63, G-IT). This 
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is the last or most advanced arrangement of petiolar strands in Japanese 
Cyatheeae. 

Briefly speaking, the origin from which is derived this complex 
arrangement of strands lies in the formation of the lateral projections, 
and in that of the upper projection. These projections have a close 
relation to the appearance of the medullary bundles, but the lateral pro- 
jection is not always derived from the fusion of such bundles, as is the 
case in the petiole of Al. Ogurae and in the young petiole of other species. 

CIBOTIUM. The arrangement of vascular strands in the base of the 
petiole of Cibotium Darometz will now be considered. Though the stem 
of this species is small, the leaves are relatively large, and show a quite 
advanced type of vascular strands. In the base of a large petiole, 
numerous strands ranging from ten to twenty pairs are arranged almost 
in the same manner as in the Cyatheeae; two series of them are dis- 
tinguished, viz. the inferior and the superior. The inferior series are 
situated on the lower side in a semicircular form, the marginal one pro- 
jecting somewhat inwards, while the superior series show the lateral and 
upper projections, the former consisting of two or three pairs, and the 
latter of several pairs. The upper projection is very prominent, some 
pairs of strands projecting inwards deeply. They are not isolated, and 
connect with the series of strands of the upper sheet in a hook-shape. 
The general arrangement is, therefore, like that of Al. Ogurae or Al. 
podophylla (Fig. 74, a D). 

The ontogeny of petiolar strands in Cibotium is also similar to that 
of the Cyatheeae, but the upper projection appears earlier than the 
lateral one. The projections in the Cyatheeae are believed to be derived 
from the fusion of medullary bundles, while in Cibotiwm these bundles 
are wanting, and the projections in this species have no relation to the 
medullary bundle. 

UPPER PARTS or THE LEAr-Axis. The above statements relate to 
vascular strands in the basal part of the petiole. Proceeding upwards 
in the petiole, the number and arrangement of strands undergo a 
gradual change, which takes place in a similar manner in all species of 
the Cyatheeae, but differently in Cib. Barometz (Fig. 74). In the Cya- 
theeae, the number of strands diminishes gradually owing to the fusion 
of neighbouring strands. Then, the neighbouring strands join from 
end to end, to form a wavy connected band. This wavy connection of the 
strands takes places in the superior and inferior series respectively. In 
this case, the strands belonging to the inferior series become connected 
in their original position, so as to form a semicircular band with incurved 
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Fig. 74. The mode of arrangement of vascular strands in different parts of 
the leaf-axis. "Each of the vertical rows (A-D) shows the different parts of a 
leaf, and each of the horizontal rows (a-d) shows the same regions in different 
leaf-axes. (x3) 
A row, The most advanced type of the Cyatheeae (e. g. Al. Bongardiana) 
B row, The intermediate type of the Cyatheeae (e. g. Al. podophylla) 
C row, The simplest type of the Cyatheeae (e. g. Al. formosana) 
D row, The type of Cib. Barometz 
a row, Basal part of the petiole 
b row, Middle part of the petiole 
c row, Upper part of the petiole 
d row, Middle part of the rachis 
margins, and at the same time, those of the superior series connect each 
other so as to form a T 7-shaped band, the longer arm of which is derived 
from the laterally projecting strands, and the shorter one from those pro- 
jecting upwards (Fig. 74, b row). When the superior projecting strands 
are not completely isolated, as in the case of the young plant, or of Al. 
acaulis and A. podophylla, they are connected, in their original position, 
with the median upper part of the superior arc (Fig. 74, bC, b B). 
When they are completely isolated as in Cya. spinulosa, Al. Bongardiana 
and Al. latebrosa, the central part of the upper arc is separated, and the 
new margins thus formed curve inwards and connect with the isolated 
strand, so as to form the shorter arm of the T7-formed band (Fig. 74, b A). 
The completion of the formation of the three wavy bands, two superior 
and one inferior, takes place in various parts of the petiole, but gener- 
ally, it occurs near the middle part of the petiole. In the petiole of Al. 


acaulis and Al. formosana and of the young plants of other species, three 
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wavy bande are also formed in the same way, but as the original strands 
are few in number, the connected bands are small and simple (Fig. 
74, b €). 

Proceeding upwards, the size of the petiole as well as of the vascular 
bands becomes smaller, and the number of waves in each band di- 
minishes. At the same time, the form and arrangement of the bands 
undergo a change. The laterally projecting parts of the superior series, 
i.e. the longer arms of the l'7-shaped bands elongate, and approach each 
other in the median line, and at last, both ends fuse together, so as to 
form a V-shaped band of the superior series. Meanwhile, the inferior 
band is separated at the median line into two halves (Fig. 74, ¢ row). 
The position where these three bands are established is usually the 
upper part of the petiole, or the lower part of the rachis. Proceeding 
still further upwards, the two separated inferior bands fuse again into 
one band (Fig. 74, d row). This form is found up to the very top of the 
rachis. 

Throughout the petiole and rachis, the interconnection of the vascu- 
lar strands takes place in the superior and inferior series respectively, 
but the two series do not connect with each other until they reach the 
very end of the rachis. This is the most characteristic feature, and the 
division of the petiolar strands into two series, which was first proposed 
by THOMAE, seems to be justified. 

Next, the transformation of vascular strands in the petiole and rachis 
of Cib. Barometz will be considered, in comparison with that of the 
Cyatheeae. At the base of the petiole, not far from the very base, 
separate strands begin to connect with each other. In the petiole, the 
region with separate strands is very short, for nearly all parts of the 
petiole and rachis have the connected vascular strand. The intercon- 
nection of the strands takes place in the same manner as in the Cya- 
theeae, that is, the superior strands connect with each other in two 
bands, each in a V7-shape, and the inferior ones in a semicircular shape 
(Fig. 74, b D). This state with three bands is found, for a very short 
distance, at the petiolar base. At the middle part of the petiole, the 
margins of the bands of both series become connected laterally, thus 
forming a single continuous petiolar band (Fig. 74,¢ D). This form is 
maintained up to the very top of the rachis. The connected band has 
a heart-shaped outline opened at the upper side, both margins curving 
inwards deeply, and the groove on each side is derived from the con- 
nected part of the incurved margins of the superior and inferior series. 
Higher up, the size of the vascular band decreases gradually, and at the 
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same time, the number of waves diminishes, but no essential change 
takes place in its outline (Fig. 74, d D). The lateral grooves deepen 
gradually, perhaps, corresponding to the deepening of the laterally 
projecting strands of the Cyatheeae. In the latter, a pair of the upper 
row of the lateral projections join each other, but in this species the 
lateral grooves are not joined with each other, and remain unconnected. 

THe Pinna. The-pinna-axes, borne on both sides of the rachis, vary 
in size at different parts of the rachis. The size and arrangement of the 
vascular bundles at the bases of the pinna-axes in various parts also 
vary, and the bundles of the pinna-axes in the lower part of the rachis 
are more complicated than those in its upper part. In all cases, the 
bundles are of a type similar to those found in the upper part of the 
rachis, that is, there are three or four vascular bands in the larger 
pinna-axis, and two or three in the smaller one. Even in the largest 
pinna-axis, more than four strands are not found. As the pinna-axis 
with four bands nears its end, the upper two bands connect in a V- 
shaped band, and the lower two also fuse into a curved band, and this 
type with two bands is maintained up to the end of the axis. In the 
young leaves and in the leaves of Al. acaulis and Al. formosana, the 
vascular strands in the pinna-axis consist of two bands. Thus, in all 
eases of the Cyatheeae, the pinna-axes have two series of bundles, 
superior and inferior, which are quite independent of each other, as in 
the petiolar bundles. 

In Cib. Baromelz, as the rachis-bundle consists of a single band, the 
pinna-axes borne on the rachis have vascular bundles consisting of a 
single band, just as found in the upper part of the rachis. 

THE Prnna-Trace. The mode of parting of pinna-traces from the 
rachis-bundles must now be considered. The parts of rachis-bundles 
at the lateral corners belonging to both series bulge out, and then are 
constricted off, each in an are or a ring-shape. This process takes 
place in the same way in the Cyatheeae and Cib. Barometz. In the 
Cyatheeae, the detached traces are separated from each other, and are 
arranged vertically. If the traces bifurcate in the main line of the 
pinna-axis, three or four bundles may be formed. Thus, the superior 
and inferior strands of the pinna-axis are direct continuations of the 
superior and inferior strands of the rachis. At the base of the pinna- 
traces, however, there appears a small strand which connects the two 
series; a part of the upper side of the inferior trace is separated and 
goes upwards, and fuses with the lower side of the superior trace. This 
commissural strand is short and minute, and it is often overlooked. 


338 Y. Ogura 


When the pinna-traces are small, consisting of two, they approach 
each other, and are connected by a commissural strand in an 8-shape, 
which is soon separated into the superior and inferior traces. 

In Cib. Barometz, the two constricted traces connect in an 8-shape, 
which is transformed to form an opened heart-shaped pinna-trace. In 
this case, the connection of the two traces in the 8-shape corresponds to 
the same process in the Cyatheeae, but the behavior of the traces after 
their parting differs in the two cases. According to Bower (1912), the 
mode of parting of pinna-traces of Lophosoria pruinata (Alsophila quadri- 
pinnata) is similar to that of Cóbotiwm. 

The mode of parting of pinna-traces in the Cyatheaceae is of the 
so-called extra-inarginal type of Davie (1918). 


M. Tue Root AND THE Root—TRACE 


The roots of the Cyatheaceae are adventitious as is usual in ferns, 
but as the stem takes the tree-form, they show characteristic features 
not seen in other ferns. Most of the ferns, especially of the Polypodia- 
ceae, have creeping rhizomes, and the roots borne on them are short and 
few, while in some ferns with erect stems, the height is not great, so 
that the roots are also short. In any case, the roots are borne all 
around the stem radially, and even in creeping rhizomes, they are also 
borne radially, though externally they show a dorsiventral appearance. 

In the Cyatheaceae, the species with creeping rhizomes, Al. acaulis, 
Al. formosana and Cb. Barometz, have a root-system similar to that of 
the creeping Polypodiaceae, while the roots of the species with erect 
stems are borne not only on the subterranean part of the stem but also 
on the part above the ground. The roots of the Cyatheaceae are given 
off from the lower parts of the petioles ; this relation is clearly seen in 
the species with leaf-scars on the stem surface, such as Al. Bongar- 
diana aud Al. latebrosa. In the stem with crowded leaves, however, the 
areas from which the roots spring are confused with one another, so 
that relation of the roots to the stem is not clear. The roots which are 
borne on the basal parts of the stem enter the ground, while those borne 
on the higher parts of the stem do not always reach its surface. Tracing 
the stem upwards, the number of the roots is seen to diminish 
gradually, until on the higher part no roots are found. In the young 
plant, the pointed basal tip of the stem is completely covered with roots. 
In keeping with the growth of the stem, new roots cover the older ones, 
and the root-mass grows larger and larger in a conical form broadening 
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downwards (Fig. 71) In this ease, most of the roots do not reach the 
ground, but the mass serves as a support to the stem. The height and 
size of the root-mass vary, but in general, the mass is larger and higher 
in plants with higher and stouter stems. The largest root-mass observed 
by the writer was that of a specimen of Al. latebrosa from Formosa, in 
which the mass reached the height of 3 m., with a circumference of 175 
cm., or average diameter of 56 cm., though the stem included within it 
was only 13 em. in diameter. The roots in the mass anastomose. 

The parting of the root-traces from the stem-stele has a definite 
relative position. They part from the stelar margin at the lateral and 
lower sides of the leaf-gap, or from the very bases of the parted leaf- 
traces, and penetrate through the cortex obliquely downwards. 


N. BRANCHING OF THE STEM AND ADVENTITIOUS BUDS 


The stem of the Cyatheaceae is usually straight, but the occasional 
branching of the stem, the formation of small branches and the existence 
of adventitious buds have been observed by certain authors. The 
branching of the stem was described by Scorr (1874) in Al. latebrosa, 
Al. ornota and Al. gigantea, by ScHoute (1906) in Hem. latebrosa and 
Hem. Junghnuiana and by Bower (1912, 13) in Cya. dealbata and Dick. 
Baromez. The formation of adventitious buds was recorded by Scorr 
(1874) in Al. glabra and Al. comosa, by ScHoute (1906) in Hem. crenulata 
and by Bower (1912) in Al. quadripinnata. But, the real nature of the 
branching and bud-formation is mostly unknown. 

In the Cyatheaceae observed by the writer, true branching has not 
been found, but the formation of adventitious buds has been recognized 
in Al. Ogurae, Al. formosana, Al. podophylla. Cya. spinulosa and Cib. 
Baronetz. The nature of the buds in the four former species differ 
from that in the one last named. In the former four, the buds are small 
and bear many leaves, thus appearing like young plants, while in the 
last species the buds are conical processes on the stem bearing no 
unfolded leaves. The difference of these two types lies in the presence 
or absence of leaves, but that is not the absolute difference between 
them. The buds of Al. podophylla reach a length of 2 cm. 

The absolute difference between these two types lies rather in the 
internal structure of the buds. In the very base of the bud, the stele 
is protostelic. Proceeding upwards, the protostele changes into a soleno- 


1) A material collected by Mr. Sasaxı at Botel-Tabago, an island south-east of 
Formosa. 
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stele and then into a dictyostele, after which the stelar ring increases in 
diameter. In the bud of the Cyatheeae, the brown sclerenchymatous 
sheath is found on both sides of the stelar ring. The difference of the 
two types-is in the relation between the stelar systems of the bud and 
the stem. There are two types; in the one there is a vascular connec- 
tion between the stem-stele and the bud-stele, while in the other there is 
no such connection. In the foriner case, a part of the stem-stele 
elongates outwards, and enters the bud, in which it broadens in the 
way just described. In this case, the bud has the nature of a branch, 
but the parting of the stelar branch does not cause an interruption of 
the stem-stele, that is, it does not make the branch-gap. In this respect, 
a bud of this type cannot be a true branch, for the parting of a branch 
always forms a branch-gap in the stelar ring. This type is found in 
Cib. Barometz (p. 274, Fig. 57). In the second type, the basal part 
of the bud-stele broadens within the cortex of the stem, but has no 
relation to the stem-stele. A bud of this type, therefore, has not the 
complete nature of a branch. This type is found in four species of 
the Cyatheeae (p. 297, Fig. 68). 


O. HISTOLOGICAL STRUCTURE OF THE STEM 


THE EPIDERMIS AND THE Harr. The external layer of the stem 
elongates usually to form scaly hairs, so that the epidermal layer is 
hardly recognized as a distinct layer. The hairs of the Cyatheeae are 
scaly, but those of Cib. Barometz are always filiform. The epidermal 
layer and some external layers beneath it often peel off, and the exposed 
surface is not always the epidermis. The falling off of the epidermal 
layer takes place usually in the stem weathered, and in the non- 
weathered parts the epidermal layer is commonly preserved. 

Tur HyropERwis. Beneath the epidermal layer of the stem, there 
isa layer of a brown colour, usually 1-2 mm. in thickness. This layer, 
the hypodermis, consists of two kinds of tissues; the outer one, situated 
under the epidermis, consists of large thin-walled parenchymatous cells, 
and the inner one of thick-walled fibers. Both tissues are about equal 
in thickness, and the transition between them is gradual, while at the 
innermost boundary of the fibrons tissue, there is a layer of cubical 
cells, with a thick membrane on the sclerenchymatous side, and a thin 
one on the parenchymatous side. The presence of this peculiar layer, 
i.e. “cubical cells” of the writer (p. 176), was noted by PAYEN and 
TREUB in some plants. According to them, this tissue is formed by 
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separated processes of the elongated cells. 

When the external surface of the stem peels off, the separation 
occurs at the middle part of the parenchymatous layer. 

On the surface of the stem at the leaf-gap, there is a brown sheath 
resembling the hypodermal layer, but this sheath is quite different from 
the latter. This part is, before the falling of the leaf, a part of the 
fundamental tissue of the stem consisting of normal parenchyma, but 
at the time of leaf-fall there appears a separating layer, which is formed, 
however, by a change in the cell-walls, and not by a cell-formation. The 
cork-tissue is not found in that part. 

THE Cortex. The cortex consists of whitish parenchyma, in 
which mucilage sacs are embeded in the Cyatheeae, but are wanting in 
Cib. Barometz. These sacs are elongated longitudinally and contain 
some mucilage. They are distributed uniformly in the cortex and also 
in the pith. The sclerenchymatous sheath surrounding the meristele is 
composed of sclerenchymatous fibers. They are typical thick-walled 
elements. At the boundary between the sheath and the fundamental 
parenchyma there is a peculiar layer of the cubical cells just described. 

The cork-tissue is not found in the cortical tissue, but it was found 
in damaged fundamental tissue of a stem of Al. formosana from Oki- 
nawa Island. 

THE SmrELE. The stele of the Cyatheaceae is constructed after the 
typical fern-type, 1.e. the amphicribral concentric type. The xylem 
occupies the central part of the stele, and consists of tracheids and 
parenchyma. The tracheids are all scalariform, and no protoxylem is 
found. The phloem is situated on both sides of the xylem. On the 
inner side of the phloem, there is a row of sieve-tubes, which can be 
distinguished from other elements by their larger size. On the external 
side of the phloem, there is a layer of the protophloem, in contact with 
the inner side of which a peculiar layer is present. The elements of 
this layer have the size of sieve-tubes, but usually he horizontally, so 
that in a cross section of the stem, they are elongated tangentially, and 
have been described as “tangential cells” (p. 211). Similar elements were 
also found by ZENETTI (1895) in Osmunda and named ‘ Quergestreckte- 
zelle’. In some cases, at the position of this layer, longitudinally elon- 
gated cells are found, which have been described as “mucilage cells" 
(p.177). The presence of such elements were also described by SCHÜTZE 
(1906) in some Cyatheaceae under the name ' Sekretzelle". The writer 
has found elements of the latter type in Cya. spinulosa. In some plants, 
both kinds of elements, cells elongated longitudinally and tangentially, 
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are found together in one layer. Thus, these two kinds of elements 
must be the same, the only difference being in the directions of the cells, 
either vertical or horizontal. There are also elements which run ob- 
liquely. This tissue is found also in Cib. Barometz. The protophloem is 
usually flattened, and is separated from the endodermis by two or three 
lavers of pericyclic cells. 

Tur PrrH. The pith consists of whitish parenchyma, and its 
histological structure is quite the same as that of the cortex. The con- 
struction of the mucilage saes and the sclerenchymatous sheaths is also 
the same. 

THE MEDpULLARY Bunnie. The medullary bundle is a thin long 
strand running longitudinally through the pith. It has the same thick- 
ness throughout the length, but it has a tendency to thicken a little at 
its upper end. 

It is constructed according to the protostelic type, and is enclosed 
in a distinct endodermis. In smaller example, the xylem consists of a 
tracheidal mass, and in that somewhat larger, the tracheidal mass 
includes a parenchymatous pith, while in the largest, the central paren- 
chyma becomes so large as to include a cavity. In any case, the phloem 
encloses the xylem, and internal phloem is never found. In most of the 
species, medullary bundles are of the first or second type, but in Al. 
Bongardiana, Al. latebrosa and Cya. spinulosa, the third type is also 
found. In all cases the position of the protoxylem is endarch. In the 
phloem, neither vertically nor tangentially elongated cells are found. 

The sclerenchymatous sheath which encloses the medullary bundle 
consists of sclerenchymatous fibers similar to those of the sheath of the 
meristele, and at the boundary between this sheath and the fundamental 
tissue there is a distinct layer of cubical cells. 

THE CorticaAL Bunpie. The histological structure of the cortical 
bundle is quite similar to that of the medullary bundle. The bundle 
shows three types of xylem-structure as in the medullary bundle. 


P. HISTOLOGICAL STRUCTURE OF THE LEAF 


The petiole and the rachis show the same histological structure. 

THe Epipermis. The epidermis of the petiole and the rachis is an 
external cell-layer. Beneath the epidermis, is a parenchymatous layer, 
some cells thick, which passes inwards to the sclerenchymatous hypo- 
dermis, which is composed of fibrous elements. In the young stage, 
the surface of the petiole is covered with scales, which are gradually 
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cast off. In Cib. Barometz, filiform hairs are found instead of scales. 
Wen-like or spiny processes, found on the surface of the petiole, are 
stout, consisting of thick-walled cells, which contain no vascular system. 

Tse LrENTICELSs. Throughout the petiole and rachis, lenticels are 
found on each of the lateral sides. They are grooves containing loosely 
arranged cells, and no cambial layer is formed, so that when the cells 
within them fall out, they remain empty. 

THE FUNDAMENTAL Tissue. The fundamental tissue of the petiole 
and the rachis consists of whitish parenchyma. At the boundary 
between this tissue and the hypodermal layer, no peculiar layer of 
cubical cells is found. In the Cyatheeae, a small amount of mucilage 
cells is found, but they are absent in Cib. Barometz. Outside the 
vascular bundle, no brown sclerenchymatous sheath is found, but in 
contact with the external side of the endodermal layer, there is always 
a whitish fibrous sheath. It surrounds the strand, and is composed of 
fibers. 

THE VascuLAR Bunpie. The form of the vascular strands differs 
in that, some are separate while some are combined in wavy form, but 
in their histological structure there is no essential difference. Each of 
the separate bundles has a V- or semicircular shape, and is constructed 
according to the concentric type. In the center there is a V-shaped 
xylem, consisting of one or two rows of tracheids, and the protoxylem 
is found on the inner side of the median curved corner. The phloem 
surrounds the xylem, and is of the almost uniform thickness, but on the 
inside of the xylem-are it is somewhat thicker. Consequently in some 
cases, especially in small strands, the phloem occupies the internal 
groove of the xylem, so that the outline of the phloem and the endo- 
dermis becomes semicircular. On the external side of the phloem, is a 
layer of the protophloem, which is very distinct on the outer side of the 
xylem-are, but is indistinct on the inner side. In contact with the 
protoxylem, there is a cavity, the so-called protoxylem-cavity, in which 
tylosis-parenchyma is sometimes found. This latter is found usually in 
the largest strands. In the phloem of the petiole, there is no peculiar 
row of tangentially or longitudinally elongated cells, such as is found in 
the stem. 

In the combined. bundle of the petiole and the rachis, the corre- 
sponding tissues of the neighbouring strands connect with each other, 
so that the central xylem and the phloem on both sides combine in a 


wavy form. 
Toe Lear-Trace. The protoxylem and its accompanying cavity 
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in the petiolar bundle are established at the time when the bundle is 
detached from the stem-stele as the leaf-trace. In the stem-stele, there 
is no protoxylem. On the inner side of the stelar margin at the leaf- 
gap, the protoxylem makes its appearance. The marginal partis then 
separated asa leaf-trace, and the protoxylem thus formed becomes the 
protoxylem of the leaf-trace. In the leaf-trace in connection with the 
medullary or cortical bundle, the protoxylem of the bundle becomes the 
protoxylem of the leaf-trace. In any case, at the stelar margin, the 
peculiar layer of tangentially or longitudinally elongated cells dis- 
appears, so that they are not found in the leaf-trace nor in the petiolar 
bundle. 

THe Lamina. The lamina is thin consisting of several layers of 
assimilating parenchyma. The epidermis consists of the wavy cells 
usually found in ferns. Stomata are found only in the lower side of 
the lamina. 


Q. HISTOLOGICAL STRUCTURE OF THE Root 


On the histological structure of the root, no particular points were 
found. In older roots, the external tissue is crushed, but in the younger 
ones, the surface is covered with root-hairs. 

The epidermis and the cortex are brown. The latter is very thick 
and consists of two parts, the outer composed of thin-walled paren- 
chyma, and the inner of thick-walled fibrous elements. The stele is 
small and consists of a diarch bundle. Some cases with triarch and 
tetrach bundles have been described in some Cyatheacean roots (DE 
Bary, 1877; Scmürze, 1906), but the writer has never met with such 
instances; they have always had diarch bundles. 


ACKNOWLEDGEMENTS 


The writer wishes to express his sincere thanks to Professor K. 
Fun for the help of his advice and criticism throughout the work. 
Thanks are also due to Mr. T. MAKINO, Professor B. HAvATA and Dr. 
T. NAKAT of our Botanical Institute in connection with taxonomical 
points. He desires also to acknowledge his indebtedness to Mr. S. IWATA, 
the Director of the Iwata Institute of Plant-Biochemistry for help 


Comparative Anatomy of Japanese Cyatheaceae 345 


defraying the cost of collecting material. He feels also his indebtedness 
to a number of persons who have provided facilities for procuring 
materials, especially Mr. J. Toyosuima of the Bonin Administration, 
Mr. J. Tsupo1 of Hachijó Island, Dr. R. KAxEnHIRA and Mr. S. SASAKI 
of the Government of Formosa, Messrs. S. Kusa, T. TAMAYvoskE and 
S. SONOHARA of Okinawa Island and Mr. H. Ôsa of Oshima. 


JULY IAS 


BOTANICAL INSTITUTE, FACULTY OF SCIENCE, 


IMPERIAL UNIVERSITY OF Tokyo 


346 Y. Ogura 


CONTENTS 


Page 
I. Introductory and ‘Historical - 2) 7 22 T 140 
Literature .. & i. 4 v p XEM SX Se 


II. Cyathea spinulosa, WALL. OM UNE MEUS 

I. The Adult Plant «1.204 e 02592 MTM 5 

A: Cross Section ol the Stem. 4. v uem ore eee ee 
IDhesstele Goo M ETE UU ts mss df 
The Sclerenchymatous Sheath l* ng de ee NOIRE RR Eos 
The Léaf-Trace , 40-4 wc. 4 WA e I DUERERESEEES 
The Root-Trace 4,75 nau now e c SI TQ OEIL NM 
The Medullary Bundle -a . 2. 29242007 2 EIER 
B. Solid Construction of the Stema = 6 5 990 Ss poo oo 2L LOO 
a. TheStele ... : soe san ler ek Oy LOM Re eee L ON 
b. The Siena ne Sheath TIME ee oe ee a) LS 

G&. The Leaf-Irace se) o m sere ME 
d. The Medullary Dundle ay v. SA ee i 

C; Structure ofthe: Leat o p e R 999 72282-21229 9-922212 2-2 2 12050 
a; ‘The Peti0le-— Shake a alee. ee eee ISI 
bi- The Rachis, 400s eee eters cree a eee O 
e. “The: Pinna og e traos een a re E UH emg oe ee Tu 
D. Structure: of the Root 0 eg. ec eo ol eel cen ELS 
E. Histological Structure of the Sea. sree te. Be rat tes e gee e: 
The Cortet -s ens ie wes poe e ee, Deor ee eee meee Eb 
The Stele: . ...c hah. enm rS TRISTE E EUR OECD RE Dub 
TROER 5 4 6 $ NNCS OU Pek ae I 
The Leaf-Gap and Teat qe vee vo TM TET IN Ce eee ENS 
The Hoot-Trace. i 25.08 VERSIO aa TUER) 
'he:Medullarv.Bundle d wee I 
F. Hoca Structure ot itive eats eon ua e a a A 
a, The Petiole «sts... enra eet ae SA. 
b. “DhetRathis zes a 00 ees a 0999 9:29 29 2 2 ESSO 

Cu The tomma e. PS cS sono c lis 
G. Histological Structure of E Root c EE bem d Boy LOA 
IL. The Young Plant 4 M seem tere aoc NIU; 

A- Cross Sections ot thei Stem) SS 
B. Solid Construction of the'Stem ana O 
29. "PheStele 4 is. 6s BO ne Rs, eee eee ee 
b. The Leat-Gap: oTo "03 Sess in, On 
c ‘The Leai-Traces: . 20 De ap cr c MEM EE 

d. Khe Medullary. Bundle Sees 

€. The Root-Tracé- x ea 0408 c EIOS 


Geg eS 


ig 


{mo Bo oF 


HE Ob 


Comparative Anatomy of Japanese Cyatheaceae 


Histological Structure of the Young Plant . 
Summary 


III. Alsophila Ogurae, HAYATA . . . 

I. The Adult Plant 
Strueture of the Stem . 
The Stele 
'The Silat nen viaatous Sheath 
The Leaf-Trace . . 
The Root-Trace . . : 
The Medullary Bundle 
Structure of the Leaf 
a. The Petiole 
b. The Rachis»s. . 
c. The Pinna-Axis 
Structure of the Root . . 
Histological Structure of the SA 
a. The Epidermis and the Cortex . . 
b. The Stele 
c. The Pith and the Medalia B 
d. The Leaf-Gap and the Leaf-Trace . 
Histological Structure of the Leaf and the Root 

II. The Young Plant 
Cross Sections of the Stem 
Solid Construction of the Stem . . 
a. The Stele 
b. The Leaf-Gap 
c. The Leaf-Trace . 
d. The Medullary Bundle 

Summary 


oc Boos 


IV. Alsophila acaulis, Max. . 


External Features and Internal Structure of the Stem 


Cross Sections of the Stem 

The Stele 

The Leaf-Gap 

The Leaf-Trace . . 

The Medullary Bundle ; 
Structure of the Leaf and the Root . . 
Histological Structure of the Stem 
Histological Structure of the Leaf and the Root 
The sporangium, a... 1 

Affinity . . : 

a Phe PPIM e es 
b. TheSorus ; . 


cao os 


bo 


bo t5 bv t2 
e to 
ce 


347 


; IY 
; 199 


. 208 
. 208 
2.208 
. 204 
. 204 
. 205 
. 206 
. 206 
. 208 


208 


. 209 
. 210 
210 
im 
OCA 
vehi 
ae: 
2212 
MAE 
an 
514 
. 216 
. 216 
. 216 
. 218 


. á 


Le 
N TN Ei co 


OU DOTO 
t2 t2 t2 [pO b&b bo 
xj oom eA 


bo 
ao Qc 


Q2? C2 
DRD 


[o] 
H 


bo r5 
[uv] 
paa 


t2 bt 
o2 co 
Eom bes 


348 


ob 


Hi H o 


Oe oe Moe 


Y. Ogura 


c. The Stem and the Leaf 
d. Conclusion. . 
Summary 


V. Alsophila Bongardiana, METT. . . . 


I. The Adult Plant 


External Features of the Stem dud io Phyllofasy did 


Cross Section of the Stem . . ; 
Solid Construction of the Stem . . 
a. The Stele h — 
b. The Leaf-Gap and the Teak: Nude : 
c. The Medullary Bundle 
d. The Cortical Bundle. . . $5 
e. The Case of a Stem with Cowi Te 
Histological Structure of the Stem 
Structure of the Leaf . . 
Structure of the Root . . 

II. The Young Plant 
Cross Sections of the Stem 
Solid Construction of the Stem "PUE 
a wibhesstele E J ICT EDO 
b. The Bee ME Sheath 
c. The Leaf-Gap SPT eee 3! ch T 
d. *"PhesDLeafeDrace: wo 9175 9 90:8 2E 2 E 


e- The Medüllary Bundle ME 


f. The Cortical Bundle . 
Summary 


VI. Additional Note on Cyathea spinulosa, W ALL. 


Summary 


VII. Cibotium Barometz, SM. 
Cross Section of the Stem : 
Solid Construction of the Stem . . 
Structure of the Leaf . . 5 : x 
Histological Structure of the Ye. Coe 
The Young Plant . . . 
Adventitious Buds 


Comparison with the (ates m the Affinity ; 


Creeping Habit of the Stem 
The Stele of the Stem . 


The Petiolar Bundle . 
The Mode of Parting of Leaf- nue 
The Pinna-Trace 


Iu Quai 


The Sclerenchymatous Sheath of : the ONG. Stele 


Se ee Roc 


Heo Ow > 


BEACH Roe eo od p 


Comparative Anatomy of Japanese Cyatheaceae 


&-. Histolosical Structures... <4, eee eee 
ign LHe S poranptunmsc v oss n MEE TNT II 


le CONCIUSIOND. aesan e aeons 
Summary eo eeu ce tee NN he eye 


VIII. Alsophilae from Formosa and the Loochoos 


I. Alsophila latebrosa, Pr, 
External Features of the Stem . . . 
Cross Sections of the Stem 3 
Solid Construction of the Stem . . . 
Structure of the Leat 
Structure of the Root 
Histological Structure . . 

The Young Plant . ; ; 

II. Alsophila podoph Ae HR 
Cross Section of the Stem 
Solid Construction of the Stem 
Structure of the Leaf 
Structure of the Root . . . 
Histological Structure . . . 

The Young Plant . 
Adventitious Buds x 

III. Alsophila formosana, Bax. 
Cross Section of the Stem 
Solid Construction of the Stem . 
Structure of the Leaf 
Histological Structure . . . 

The Young Plant . . 
Adventitious Buds 
Summary 


XI. General Summary 
Systematic Review 


Structural Characters and thee SONA Application 


Erect and Creeping Habits of the Stem 
External Features of the Stem . 

Relation between the Stem and Leaves 

The Stele of the Stem . 

The Sclerenchymatous Sheath of tho Stent Stele 
The Leaf-Gap and the Leaf-Trace . : 
The Medullary Bundle =. 5. Ss 
The Cortical Bundle . . . 

External Features of the Leaf 

The Vascular Strand of the Leaf 

The Root and the Root-Trace 


349 


5 o PATH 
coo ATA 
TR Z 
a a ARo 


. 280 
. 280 
o. o 28 
. . 282 
. 283 
. 285 


287 
287 


. 288 
. 290 
. 290 
283221 
. 298 
< 294 
7295 
. 296 
22297; 
. 298 
. 298 
299 
2-299 
. 900 
a 5 allyl 
. 302 


. 902 


. . 904 
. 804 
. . 906 
. . 908 
2209909 
5-5 eX 
. 912 
. 915 
o a ol 
T24 
. 329 
. 831 


29352 


. 338 


350 


& totu 


Y. Ogura 


Branching of the Stem and Adventitious Buds . . 


Histological Structure of the Stem 
Histological Structure of the Leaf 


Histological Structure of the Root . . . re ss se 


Aclmowled ce mienitsny m ECCO EE 
Contents 


SECTION | L MATHEMATICS, ‘ASTRONOMY; PHYSICS, CHEMISTRY | ge oe e 
Part Lc Kameda, Theory of Generating Functions and dts duo e to the Des = 


_ Theory of Probability. — : 4 ce Price X 1.40 eS : 
2. J. Sameshima, Studies on Binary Mixtures. aay Prie EO Se eo 
Part 3. Z Suetuna, Ueber-die ma einiger. Funktionen i in der Ideal- - uper 
theorie ~ ; Xe - Price ¥ 1.05- 
art dH. Hirobe, YWhermochaniical Studies. - - (t. Price X 1.30 


Part 5 ai Onoda, Studies i in Qveryoltàge- = “Part I Honors Overvoliage ; 


/ Price XQ. 10 
"Part 6. Z: Suetuna,. Teber die Maximalordnung einiger Funktionen i in der Ideal . E EE > 
Ee theorie: Zweite Mitteilung). - — 0 Uu Pice Foso — we ae 
avt : aburaki,. Ón the Distribution of the. Velocities [o 


tars of the Spectral — = - = 
toov Price, d 0605s - adr uet 
Part 8.. T Tere Monthly Noral of fusi in rane at the Height Of 3000 — —— 
letres: K. Sinoda, The Monthly Normal Isobars at 4000 and 6000 Metre Levels 
yer J apan and its. ‘Vicinity. -T. Minami and Y. Hukumoto, On the Distribution ^ 
of the Mixing. Ratio. Of ond Vapour in uen. Air, hear the Earth's 
Sa : Sg s © Price Y L50 - 


— Price = 0.60 


llusca from Shinano and Echigo. - nos X18 
dee ms xe d id Physiographical 
> ins I D.- Sató, Brief ‘Notes on 


okoyama, Tertiary Mc 
doce Podsol- 
_ the Southea 


AS he. v eed io dat of 
bi ya, A dons d um Roues of Effusive Rore in the; 
ehe Pos -P: 


m deua. Molla 

Part 5 5- S. Tsuboi, A Dispersion. Met! 

“its Use in Petrog investigation. 
í As o d3- Zu; 


tere Toke Sa. oye 2 

M. Yokoyama, Fossil Moll sca from th 

ca from. the Upper Musashino of ue m 
the or usashino oi Wester 


= 


tu ies of the. Grea Earthquake o 2 ihe 


eifungsvorgüuge 
i ib des unreifei Camens. zu 
C yatheaceae. ud rice. 

akz Mitteilung. 


Ni "rógs and Toads ii in 
dih Notes on their Distribution a eve |uene cS Ozaki, On two New. E 
j z Trem odes, Ory ptotrema and Micro scithus, and a New. ‘Species De. 
qq Jchida,. 'The-Anaiomy. “and. Development: of a Rhizostome -= 
e i$ Mou “with Observations on n: Phylogeny: x 
r Specie of Am histomata i rom 1 ammals 
NeW) Speos 5 a Prick a 
O i “on. Ja: anese. -Pennatalt B. 
Repo : » Privé XL 80. See ES 5 
ab Anthomedusae: oe eT ERU ee Sy 
: Price E 2 o ; 


Cephalic Judex Dac of the Fie: and* 


mt 
ibi Ph sical” Anthiro ology of Japan. 
A d s if ibntio Ee the p op ES 


